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The strength of a wheat flour is generally thought to depend pri- 
marily upon the quantity and quality of its gluten, and at the present 
time the greater emphasis is placed upon gluten quality. The work of 
Osborne (1907) has shown that gluten, which constitutes approxi- 
mately ninety per cent of the flour protein, is composed of the two 
distinct proteins, glutenin and gliadin. If either protein is absent, 
bread dough fails to have the well-known elastic, gas-retaining prop- 
erties which it owes to special physico-chemical properties of gluten. 

Numerous and frequent attempts to discover why individual glu- 
tens differ in their physical properties have apparently eliminated a 
number of possible causes for differences in gluten quality. Among 
the factors which have been carefully investigated, with negative 
results, are percentage of gliadin in gluten, gliadin-glutenin ratio, and 
possible differences in the chemical constitution of gliadins and glu- 
tenins, respectively, from different flours. Quite recently, Gortner and 
Doherty (1918), and Sharp and Gortner (1923) have found that glu- 
tens differ with respect to their colloidal properties, as judged chiefly 
from studies of their respective hydration capacities under specified 
conditions. Wood (1907), Upson and Calvin (1915) and Liiers and 
Ostwald (1920) had previously shown that the hydration capacity ot 
any individual gluten is profoundly affected by minute quantities of 
acids, bases, and salts. Sharp and Gortner (1923), however, have 
demonstrated that glutens from different flours show marked differ- 
ences in their respective rates and extent of hydration, when studied 
under apparently identical conditions of electrolyte and hydrogen-ion 
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concentration. They furthermore offer convincing evidence that glu- 
teain is the protein which is solely responsible for differences in the 
colloidal properties of the various glutens. They believe that the 
guten quality of any given flour is dependent chiefly upon the colloid- 
ality of its glutenin, and that glutens of better quality show higher rates 
of hydration (as measured by a specified viscosimetric procedure) 
than those of poorer quality. 

The findings of Sharp and Gortner with respect to the importance 
of glutenin emphasize the fact that up to this time there has been no 
convenient method for the direct quantitative estimation of this im- 
portant flour constituent. The indirect method usually employed has 
been somewhat according to directions in “Methods of the Associa- 
tion of Official Agricultural Chemists” (1921). In this procedure 
the albumin and globulin are extracted from a specified amount of 
flour with a suitable salt solution, and calculated from a Kjeldahl 
nitrogen determination on an aliquot of the extract. Another portion 
of flour is extracted with 70 per cent alcohol, the protein thus extracted 
being also estimated by the Kjeldahl procedure and considered as 
gliadin. The percentages of protein obtained by these extractions are 
added together and the sum subtracted from the total protein as deter- 
mined in a separate portion of the flour. The difference is called glu- 
tenin. This method gives glutenin results which are decidedly low. 
Bailey and Blish (1915) found that the solvents ordinarily used for 
extracting albumin, globulin, and gliadin are not specific, for salt solu- 
tions extract some gliadin in addition to albumin and globulin; and 
dilute alcohol removes some albumin or globulin, or both, in addition 
to gliadin. As both solvents extract some of the same material, the 
total protein extracted by both, using separate portions of flour for 
each extraction, is too high. This makes the glutenin value, which is 
determined by difference, too low. Sharp and Gortner (1923) have 
called attention to this, and in their work have modified the method 
in such a way that reliable quantitative results may be obtained if the 
alcohol extraction is conducted with the residue from the extraction 
with salt solution (5 per cent potassium sulfate), instead of with a 
separate portion of the untreated flour. This method, however, is also 
indirect and time-consuming. Furthermore the residue from the potas- 
sium sulfate extraction, which is separated by the centri fuge, is highly 
compacted, and difficult to disintegrate properly for the purpose of 
complete extraction with 70 per cent alcohol. In this laboratory it 
has been found necessary to grind this compact residue with quartz 
sand in order to disintegrate it sufficiently for the alcohol extraction. 
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In addition to the need for a simple, direct method for the quan- 
titative estimation of glutenin, it is highly desirable that there be 
developed, for the isolation and preparation of pure glutenin, a method 
which is less laborious and time-consuming than the well-known 
method prescribed by Osborne (1907). To prepare any considerable 
quantity of pure glutenin by Osborne’s method requires, even with the 
best of luck, several weeks of careful manipulation, involving the 
difficulties encountered in filtering alkaline solutions containing starch. 

In view of these conditions, there has been developed in this labora- 
tory a simple method for the direct quantitative determination of glu- 
tenin in wheat flour, and it is believed that the method satisfies all 
reasonable requirements in so far as quantitative accuracy is con- 
cerned. When the principles of the method are applied on a large 
scale, it may be used for the rapid preparation and isolation of glutenin 
in what appears to be a high state of purity. 

- The general principle of the method involves first the complete 
removal of all the flour proteins, obtaining them in a solution which 
is practically free from starch. The solution must also be one from 
which glutenin may be quantitatively precipitated at its iso-electric 
point, while the other proteins remain in solution. These conditions 
have been met, as will be shown in details which follow. <A search 
through the literature by writers has revealed but one instance of an 

attempt to separate glutenin from gliadin by a principle similar to 

the one just stated. Fleurent (1896) dissolved pieces of gluten in 
alcoholic potash, (three gm. KOH per liter of 70 per cent alcohol), 
and then saturated the solution with carbon dioxide. He considered 
that this precipitated glutenin, together with potassium carbonate. The 
precipitate was weighed and the weight of potassium carbonate 
deducted, assuming that all of the potassium was thus precipitated. 

Jago (1911), in repeating this procedure, found that all the potassium 

carbonate was not precipitated from alcohol of only 70 per cent 

strength, and that this gave far too low results for glutenin. 


Preliminary Experiments 

A considerable amount of preliminary work indicated some general 
facts, the details of which will not be reported here. However, some 
of the general facts drawn from the preliminary experiments may be 
of interest. Pure glutenin, prepared by Osborne’s method, may be 
completely precipitated from dilute alkaline solution by adding dilute 
hydrochloric acid to a pH of about 5.2, as indicated by methyl red. 
Proceeding from this point, a very slight excess of either acid or alkali 
will re-dissolve it completely. If gliadin is present in the solution, 
much of it also comes out at this pH, as a milky, finely divided suspen- 
sion. Both gliadin and glutenin are readily soluble in alcoholic NaOH. 
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If sufficient alcohol is present in the alkaline solution of glutenin and 
gliadin, bringing the solution to the proper pH with acid will precipi- 
tate glutenin while the gliadin tends to remain in solution. Attempts 
to separate quantitatively the two proteins by this procedure met with 
varying degrees of success. Good results were sometimes obtained, 
but not always, and it seemed difficult to produce exactly the same 
conditions in different trials. 

It was felt, however, that the experience with pure glutenin and © 
gliadin warranted trials with flour. Five flours were carefully analyzed 
for glutenin by Sharp and Gortner’s (1923) modification of the 
usual indirect method, until closely agreeing results were obtained with 
duplicate samples of each flour. Eight grams of flour were extracted 
with 200 cc. of .1N NaOH in 68 per cent alcohol, by shaking one hour 
in a shaking machine. The mixture was then centrifuged, giving a — 
fairly clear extract. This extract usually contained all but about 5 
per cent of the total protein of the flour. To 25 cc. portions of the 
extract (equivalent to 1 gram of flour) dilute hydrochloric acid was 
added to the point of maximum precipitation. At this stage two things 
were especially noted. One was that when the extracts were neutral- 
ized with HC1 a strong odor of H.S was always noticeable, indicating, 
of course, that cystine or other sulphur compounds had been altered 
by the treatment with alcoholic NaOH. This odor had not been noted 
when working with purified proteins. The other point of interest was 
that best precipitation always occurred at a pH considerably higher 
than with mixtures of purified proteins. Best results were obtained 
with flour when the extract was brought to a pH of about 5.8 to 6.0. 
The precipitates were usually allowed to stand over night and then 
filtered or centrifuged, and analyzed by the Kjeldahl method. When 
filtered the supernatant liquid ran through the paper rapidly, but filtra- 
tion was very slow after the precipitate was poured on. When these 
results were compared with those obtained by the modified indirect 
method, good agreement was frequent, but could not be depended 
upon. 

The method just described was tried repeatedly, with all sorts of 
modifications. Most of these modifications were concerned with adjust- 
ments of pH, volume, and final concentration of alcohol. The results 
continued to be inconsistent, altho occasionally good checks with the 
indirect method were obtained, possibly from a compensation of errors. 
It was finally decided that altho a reliable method involving the use 
of ethyl alcohol should be possible, certain difficulties argued against 
its use. One trouble was that if conditions were maintained so that 
the concentration of alecho! never fell below 50 to 70 per cent (by 
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adding the HC1 in alcohol solution) the precipitation of glutenin was 
never complete and the precipitate was very finely divided. However, 
if the flour extract was diluted with water so that the final alcoholic 
concentration was a:ound 30 per cent, the glutenin was completely 
precipitated, but gliadin also slowly separated out on standing. Best 
results by this method were had when the glutenin was precipitated at 
low alcoholic concentrations. After some time more alcohol was 
added with vigorous shaking which re-dissolved any gliadin which 
had also come down, but did not appear to re-dissolve glutenin even 
in concentrations at which glutenin could not originally be completely 
precipitated. This method, however, left the glutenin so very finely 
divided that it was unsatisfactory to work with. It required too much 
time, manipulation, and large amounts of ethyl alcohol. 

At about this stage, some test tube experiments indicated that glu- 
tenin was readily and sharply precipitated from dilute NaOH solution 
in methyl alcohol cf 70 to 80 per cent by volume. Gliadin is also very 
soluble in methyl alcohol of this strength. The five flours of known 
glutenin contents were then extracted with .1N NaOH in 70 per cent 
methyl alcohol. The extracts were quite clear, but it was found that 
10 to 12 per cent of the total flour protein failed to be extracted by 
this procedure. A modification was finally adopted by means of which 
all of the flour protein may be extracted and recovered in a solution 
which is approximately 70 per cent with respect to its methyl alcohol 
concentration and less than .025 N with respect to its alkalinity. From 
this solution glutenin alone may be easily and quantitatively precipi- 
tated, as indicated by data which follow. 


Adopted Method 


Eight grams of flour are weighed jnto a dry 200 cc. Kohlrausch 
flask, or any 200 cc. flask with extra capacity. The flour is thoroly 
mixed with 50 cc. of water, after which 5 cc. normal NaOH is added 
from a pipette, during which process the flask and contents are vigor- 
cusly rotated. The mixture is then shaken and the shaking is repeated 
at 10-minute intervals for one hour (less time would probably suffice). 
Pure, acetone-free* methyl alcohol (96-99 per cent) is now added in 
portions of about 50 cc. at a time, with shaking after each addition, 
until the 200 mark is reached. One should then add 5 cc. of methyl 
alcohol in excess, which compensates closely enough for the volume 
occupied by the flour. The starch then settles rapidly to the bottom 
of the flask, leaving a fairly clear supernatant liquid which holds in 


2 The technical grade of methyl alcohol, which contains acetone, appears to give slightly 
low results. 
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solution all of the flour protein. This solution contains approximately 
70 per cent methyl alcohol by volume, and is less than .025 normal 
with respect to NaOH. It may be rapidly decanted through a cotton 
plug. A 50-cc. portion of this liquid (equivalent to 2 grams of flour) 
is pipetted off into a 100-cc. Erlenmeyer flask and a few drops of 
brom thymol blue are added. The glutenin is then precipitated by 
adding .2N HC1 from a burette, with constant shaking, until a distinct 
color change occurs. Then a drop or two more acid should be added, 
until a light olive color is reached, corresponding to a pH of about 
6.4. However, the precipitation seems to be complete and quantita- 
tive over a considerable range, between pH = 6.0 and 6.8, as indicated 
by brom thymol blue under existing conditions After a few minutes 
the glutenin will settle, leaving a clear supernatant liquid. At the end 
cf an hour or two, the contents of the flask are poured into a 100-cc. 
centrifuge tube and whirled in the centrifuge for 10 minutes. The 
clear liquid is then completely poured off, and the compact disc of 
glutenin detaches itself in one piece from the bottom of the centrifuge 
tube when a little distilled water is added. This is poured into a 
Kjeldahl flask. The nitrogen is determined in the usual manner, and 
multiplied by 5.7 for conversion to glutenin. It was found that when 
the glutenin precipitate is first poured into the centrifuge tube, a very 
slight portion of the finely divided solid material adheres to the sides 
of the tube above the liquid, and remains dry upon the upper inside 
portion of the tube after centrifuging. A very slight amount of the 
glutenin may also remain in the Erlenmeyer flask from which the mix- 
ture is poured. However, the glutenin nitrogen thus lost is, for all 
practical purposes, compensated for by the nitrogen in the small amount 
of filtrate which wets the glutenin after the centrifuge has thrown it 
down, and which can not be washed out. Added to this is the small 
portion of filtrate which wets*the inside of the centrifuge tube after 
the bulk of the filtrate has been poured off. The slight errors thus 
compensating each other, the only correction necessary is the one 
which is always occasioned by small amounts of nitrogen which may 
be found in the usual Kjeldahl reagents, as determined by the cus- 
tomary “blank” determinations. 

It is to be emphasized that best results are obtained when the cen- 
trifuging is done from one to three hours after the precipitation of the 
glutenin. One hour is approximately the time required for the super- 
natant liquid to become clear, altho the precipitate settles in a few 
minutes. When the centrifugal operation is done immedizcicly after 
precipitation slightly low results may be expected. Thus flour 453 
(see Table 1), containing 5.00 to 5.13 per cent glutenin, showed 4.75 
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per cent when treated in this manner. On the other hand, if too long a 
period of time elapses between precipitation and centrifugation, results 
are likely to be appreciably high. This is in keeping with observations 
that when some perfectly clear filtrates (obtained from centrifuged 
glutenin precipitates) were allowed to stand for a day or two, they 
became noticeably cloudy. Apparently a slow denaturing of one or 
more of the proteins in the filtrate occurs after some hours standing. 
The process is very slow, however, and has not been detected at the 
end of 4 or 5 hours standing. After two days standing, flour 453, 
containing from 5.00 to 5.13 per cent giutenin showed results cor- 
responding to 5.58 per cent glutenin. 

When the details of this proposed method were carefully followed 
with five flours selected at random, the results invariably agreed closely 
with the results obtained from the use of Sharp and Gortner’s (1923) 
indirect method. This is shown in Table I in which each figure is 
the average of a number of closely agreeing determinations. 


TABLE I 
Comparison OF Proposep METHOD wiTH INpIRECT METHOD 


Flour Total Protein in 25 Glutenin by Glutenin by 
number protein cc. extract indirect method proposed method 


% 
440 9.86 9.80 3.89 3.82 
453 12.60 12.65 5.00 5.13 
§33 9.20 9.29 3.53 3.53 
560 14.19 14.08 5.69 5.58 


562 13.74 


5.13 


Altho the data presented in Table I show excelent agreement 
between the direct and indirect methods, in. addition to den:onstrating 
that all the flour protein is extracted by the proposed treatment, they 
do not necessarily prove that the precipitate is pure glutenin, and that 
all of the gliadin, albumin, and globulin remain in soluticn. Such 
proof is necessary if the method is to be advocated for the rapid 
preparation of pure glutenin. The identity of the protein in the pre- 
cipitate was, however, established by determining the percentage of 
ammonia nitrogen which it yielded after complete hydrolysis with 20 
per cent HCl. The protein in the filtrate was examined in the same 
manner. Eighty grams of flour 453 were extracted and the extract 
was treated precisely as specified in the proposed method, all opera- 
tions being conducted on a proportionately larger scale. The precipi- 
tate was washed several times by decantation, with 70 per cent methyl 
alcohol at a pH of 6.4 as indicated by brom thymol blue. It was 
finally separated from the wash liquid as completely as possible with 
the centrifuge, and hydrolysed for 20 hours with 20 per cent HCI. 
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The percentage of ammonia nitrogen as determined by Van Slyke’s 
(1911) procedure was found to be 15.91 per cent. This figure agrees 
closely with 15.75, which is the average of eight determinations on sev- 
eral different samples of pure glutenin, by Van Slyke’s method. Six 
of these determinations were by Cross and Swain*® (1924) and two 
were by Blish (1916). The figure for ammonia nitrogen could hardly 
have so closely agreed with figures for glutenins of known purity, if 
there had been appreciable contamination by any of the other proteins 
of flour, for gliadin contains 25.5 per cent of its nitrogen in the form 
of ammonia nitrogen, while the ammonia nitrogen figures for the 
albumin and globulin, respectively, 6.8 and 7.7, as calculated from 
figures of Osborne and Harris (1903). 

The filtrate was evaporated on a steam bath, a large quantity of 
gliadin separating out as the alcohol was driven ofi. The entire residue 
from the evaporation was hydrolysed in the customary way, and 
vielded 23.9 per cent of its tetal nitrogen as ammonia nitrogen. in 
view of the figures presented in the preceding paragraph, such a value 
could reasonably be expected from the hydrolysis of gliadin contami- 
nated by the small amounts of albumin and globulin that are always 
present in wheat flour. It is therefore evident that the method is a 
suitable starting point for the rapid preparation. of pure glutenin with 
« maximum yield. It may also be found applicable to the preparation 
and study of glutelins of other cereals. Its possibilities in this direc- 
tion will be further investigated. 


Known amounts of pure gliadin and glutenin (prepared by 
(sborne’s method) were mixed together and dissolved in .025 N 
NaOH in 70 per cent methyl alcohol. Brom thymol blue was added 
and the glutenin was precipitated as in experiments with flour. Here, 
as mentioned before, it was noted that a considerably lower pH 
(higher hydrogen-ion concentration) as shown by the indicator (at 
any rate), was required sharply to precipitate the glutenin than was 
the case with freshly prepared extracts of flour. Furthermore the 
range of sharp precipitation was narrower. At a pH of 62 to 6.6 
which causes complete precipitation with flour extracts, there is not 
even the slightest turbidity when one is dealing with glutenin which 
has been prepared and purified by the usual method. One must cor- 
tinue to add acid to a point somewhat beyond the change from green 
to yellow with brom thymol biue. With methyl red, a pH of 5.2 to 


*Cross and Swain report two other determinations which are abnormally low. They 
state, however, that this may have been caused by “‘a new preparation of lime” which was 
used on them. Osborne and Harris’ (1903) figure is much higher, but they did not use 
Van Slyke’s method. 


| 
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5.4 is indicated as the point of optimum precipitation for glutenin 
which has undergone purification by the usual method. Thus it would 
appear that the preparation of pure glutenin by the usual method pro- 
duces a change which involves a considerable shifting of the iso-electric 
point. However, when the remaining details of the method were care- 
fully followed, the calculated amount of glutenin was quantitatively 
recovered. The average of two such trials gave a recovery of .0575 
gram of glutenin when the calculated amount was .0570 gram. 

_ As was stated in the discussion of preliminary work when .1N 
NaOH in 68 per cent ethyl alcohol was used for extracting the flour 
proteins, the neutralization of the extract with HC1 was always accom- 
panied by a very noticeable odor of H,S. The sensitivity of protein 
sulphur to alkali is well known. The iso-electric point appeared to 
be about 5.8 to 6.0, in terms of pH. This is about half way between 
the point of optimum precipitation in flour extracts with .025 N NaOH 
in 70 per cent methyl alcohol, and that which was always obtained with 
purified glutenin, regardless of the nature of the solvent. The H,S 
odor was not strong with 025 N NaOH, altho noticeable. It was not 
observed in the case of glutenin. prepared and purified by the usual 
method. The apparent differences in the iso-electric points of glu- 
tenins prepared by the different methods may be due to alterations 
in the sulphur complex. The glutenin prepared by the usual method 
of Osborne had been repeatedly dissolved in .2 per cent NaOH, and 
precipitated with acid, during which process the sulphur compounds 
may have undergone maximum alteration. When precipitation was 
made from flour extracts with .1N NaOH in 68 per cent ethyl alcohol, 
some H.S was evolved. In the case of flour extracts made with .025 
N NaOH in 70 per cent methyl alcohol, as in the proposed method, 
however, no H,S was noticed. The iso-electric point was at the lowest 
pH in the first instance, and the highest in the last instance. These 
observations have not been tested accurately, but are merely suggestive 
of the possibility that iso-electric points of proteins may be somewhat 
altered by the effect of alkali treatment on the sulphur complexes in 
the protein molecule. 


Alternative Methods 


Reference to possible slight modifications of details of the pro- 
posed method should be made. There is the possibility of filtering 
out the glutenin on filter paper, and estimating it by the Kjeldahl 
method, in the absence of a suitable centrifuge. This was tried, and 
usually gave fair results. However, this method can not be depended 
upon with the same confidence that may be had when the recommended 
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centrifugal method of separation is used. Even with coarse filter 
paper, filtration proceeds very slowly after the glutenin precipitate ‘s 
transferred to the filter. This gives opportunities for possible errors 
due to occlusion of some of the protein in the filtrate. Furthermore, 
there is no satisfactory method for washing out the protein of the 
considerable portion of the filtrate which is absorbed by the paper, 
and one must always make blank determinations of separate papers 
which have been soaked with filtrate. The coarse papers which must 
be used vary greatly in thickness, allowing some papers to retain more 
filtrate than others. Therefore, altho such manipulation is capable of 
giving fair results, it is less reliable and decidedly more time-consum- 
ing than the procedure recommended. 

Excellent results were frequently obtained by a gravimetric method 
in which the glutenin, after separation by centrifugation, was trans- 
ferred to a previously dried and weighed gooch crucible fitted with 
a thick pad of cotton. In this case the transfer from the centrifuge 
tube to the gooch was affected by the use of 96 to 98 per cent methyl 
alcohol, to insure rapid filtration. Some alcohol was poured on the 
glutenin disc remaining in the tube after centrifuging and draining off 
the supernatant liquid. By a little manipulation, the glutenin became 
easily detached in one piece, in which shape it was readily transferred 
1u the gooch. The crucible was then dried to constant weight, cooled, 
and weighed. The method tends to give slightly higher results than 
the “adopted method,” altho the two methods generally check each 
other closely. The chief objection to the suggested gravimetric method 
is the difficulty of driving off the last traces of moisture from the 
glutenin in the drying oven. This has frequently been found to require 
24 hours in an air oven, and from 4 to 6 hours in a good vacuum oven. 


Summary 


1. A simple, accurate and direct method for the preparation and 
quantitative determination of glutenin in wheat flour has been devel- 
oped and described. The application of the method to the study of 
the glutelins of other cereals is a suggested possibility. 

2. The optimum hydrogen-ion concentration for the precipitation 
of glutenin from flour extracts freshly prepared by the proposed 
method differs very appreciably from that for glutenin which has 
been prepared by Osborne’s (1907) standard method, and dissolved 
in the same solvent as is used for the extraction of glutenin from 
flour in the method here suggested. There is indication that this appar- 
ent difference in the iso-electric points may be due to alterations in 
the sulphur complex of glutenin, caused by the prolonged and frequent 
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treatment with alkali, which the standard method of preparation 
involves. 
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A STUDY OF THE PROTEASES OF BREAD YEAST! 
By Aksel G. Olsen and C. H. Bailey 


Division of Agricultural Biochemistry, University of Minnesota 
(Received for Publication June 1, 1924.) 


Historical Review 


It is difficult to estimate when in the dim past our ancestors 
discovered that the juice of the grape and the extracts of sprouted 
cereal grains would on standing develop certain peculiar properties 
not observed in the fresh material. Nor are we certain when, in 
human history, the frothing mass of the fermenting cereal beverage 
was first employed in leavening the dough made from crushed 
grain. Biblical statements and other documents and inscriptions 
lead to the supposition that the ancient Hebrews and Egyptians 
were familiar with the use of leaven in baking. Probably the 
Greeks and Romans acquired their knowledge of the use of leav- 
ened dough from the Egyptians. It was not until comparatively 
recent times, however, that any exact knowledge was gained con- 
cerning the appearance and other characteristics of the yeast cell. 
Leewenhoek’s development of the miscroscope during the latter 
part of the seventeenth century aided in studying the morphology 
of this organism. Desmazieres (1826) described the yeast cell in 
some detail, but failed to connect it causally with fermentation. 
The view that yeast developed spontaneously was overthrown by 
the researches of Pasteur, who placed the fermentation industries 
on a sound and scientific basis during the last half of the nineteenth 

Schutzenberger (1874), while not the first to note the modifica- 
tions occurring in the nitrogenous constituents of autolysing yeast, 
carried his researches to the point at which amino-acids and 
xanthine bases were recognized in the autolysate. This paved the 
way for an extension of these studies by Kossel (1880-81, 1882), 
who observed that the xanthine bases were decomposition products 
of nuclein. Salkowski (1889) attributed the cleavage of yeast 
proteins to a soluble ferment or enzyme. Whether one enzyme 
or more may be considered responsible for the hydrolysis of yeast 
proteins, and of other proteins in contact with yeast juice, is a 
problem which has occasioned considerable research. It is also of 
interest to know whether or not such an enzyme or enzymes can 
diffuse through the walls of the normal living yeast cell and thus 

1 Published with the approval of the Director as Paper No. 520, Journal Series, Minne- 
sota Agricultural Experiment Station. Condensed from a thesis presented by the Fleisch- 


mann Fellow, Aksel G. Olsen, to the Graduate School of the University of Minnesota in 
partial fulfillment of the requirements for the degree of Master of Science, June, 1923. 
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effect hydrolysis of non-diffusible proteins in a solution bathing the 
cells. The solution of this problem is of some importance to the 
baking industry, as the properties of yeast proteases may have a 
bearing upon the changes in gluten occurring in dough fermenta- 


tion. 


Liquefaction of gelatin in old yeast cultures was observed by 
Beijerinck (1897), who found that the yeast protease was most 
active in an alkaline medium, and its action was inhibited by 6 cc. 
of normal acid per 100 cc. of culture medium. He accordingly 
classified yeast protease as a trypsin-like enzyme. His statement 
that this enzyme would dialyse through pergament paper was con- 
tradicted by Hahn and Geret (1900), who found their preparation 
of yeast tryptase would not diffuse at all. 

The last named investigators found that yeast juice, prepared by 
subjecting yeast to pressure, would liquefy gelatin. The yeast 
juice, on incubation at 37°, was found to contain leucine and tyro- 
sine, while the coagulable proteins gradually disappeared. Toluol, 
thymol, chloroform, salicylic acid, and formaldehyde (0.1%) did 
not influence the action of the protease, which appeared to be most 
active in a solution containing 0.2 per cent of hydrochloric acid. 

Kutcher (1901) identified several different amino acids in yeast 
autolysates and concluded that the protease resembled trypsin in 
its action. Vines (1904, 1909) found that the yeast juice contained 
both a peptase and an ereptase. These could be fractionated with 
dilute (5%) sodium chloride solution, which extracted the peptase 
free from the ereptase. Abderhalden and Brahm (1908), and Dern- 
by (1916) agreed that an ereptase is present in yeast juice, and the 
last named found that both erepsin and yeast ereptase were most 
active when the reaction of the medium was adjusted to pH 7.8. 
Dernby (1917a, 1917b, 1918) concluded that three proteolytic 
enzymes were present in yeast, the characteristics of which were 
described as follows: 

1. Yeast pepsin, which can degrade proteins to peptones, but no ° 
farther. This enzyme has an optimum pH of 4.0 to 4.5 (as com- 
pared to animal pepsin with optimum pH of 1.5), and hydrolyses 
egg albumen and gelatin. 

2. Yeast tryptase, which does not act upon yeast protein but does 
attack acid albumen, gelatin, and caseinogen, forming peptides 
and amino acids. It has an optimum pH of 7.0. 

3. Yeast ereptase, with an optimum pH of 7.8, split peptides such 
as glycyl-glycine. 

Dernby considered autolysis to be due to the successive actions 
of all these, with an optimum pH of 6.0 for the composite reaction, 
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The progress of autolysis was followed by determining total N, 
amino-peptide, and protein-N in the solutions after varying inter- 
vals. Palitzsch and Walbum’s (1912) gelatin method was utilized 
for the estimation of pepsin-like activity, while 4% Witte’s peptone 
was used as a substrate for the determination of tryptic action. © 
Van Slyke amino nitrogen determinations were used to follow the 
progress of this enzymic change. 

The extra-cellular activity of yeast has been the subject of con- 
siderable discussion. That certain yeast cultures would liquify 
gelatin was recorded by E. C. Hansen (1888) in working with 
Saccharomyces Membranefaciens and was corroborated by Koehler 
(1892), Adolph Hansen (1889), and Lindner (1891). Wehmer 
(1895) maintained that none of the yeasts under his observation 
caused gelatin liquefaction. Will (1896) reviewed Wehmer’s paper, 
and pointed out that liquefaction is not only a common occurrence, 
but that it is coincident with the formation of mycelial forms of 
yeast, as shown by Raymann and Kruis (1892). Delbriick (1893, 
1903) repeatedly stressed the importance of the proteolytic activity 
of yeast in beer-making. 

Beijerinck (1897), as already indicated, found that old yeast 
cultures liquefied gelatin, but observed that various strains differ 
widely in this property. He suggests that pure culturing should 
make possible the development of even greater variations than 
those observed. This author also points out that pressed yeast is 
far better for breadmaking than beer yeast. “An exhaustive in- 
vestigation,” says he (in a footnote, page 523), “has taught me 
the following: By mixing the doughed flour with yeast a certain 
amount of trypsin is liberated (most likely, though not certainly, 
from the noninjured cells). Beer yeast produces much more trypsin 
than press-yeast and it also forms small quantities of the enzyme 
anew during the férmentation of the dough. Thereby the gluten 
is softened in a serious manner and the carbonic acid gas escapes 
by ‘punching’ the dough. Press-yeast, on the contrary, produces 
much less trypsin and leaves the gluten intact so that the carbonic 
acid gas can not escape by punching but becomes distributed into 
thousands of smaller and smaller bubbles, which bestow upon the 
dough the wished for uniform foam structure.” However, in 1898, 
this author seems inclined to view the proteolytic activity of yeast 
not as a function of the normal cell, but as a necrobiotic process 
coincident with sporulation. The evidence presented is not very 
convincing one way or another. Boullanger (1897) observed 
liquefaction of both gelatin and casein by yeasts, and Artari (1897) © 
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reported that a saccharomycetes which infested the storage tanks 
in sugar factories secreted a gelatin peptonizing ferment at tem- 
peratures higher than normal. 

Will (1898-1901) investigated 28 varieties of yeast, all of which 
he claimed to cause gelatin liquefaction, tho at very different 
rates, some varieties taking months for complete liquefaction while 
others accomplished the same within a week. Will pointed out 
that liquefaction was much more rapid if the yeast cells were uni- 
formly distributed throughout the gelatin medium than in the case 
of ordinary stab cultures. 

Hahn and Geret (1900) took issue with Will; they believed the 
action observed to be due entirely to enzymes liberated from dead 
cells because they failed to obtain any proteolytic enzymes by re- 
peated washings of the live cells with distilled water tho such 
washings had energetic invertase action. They concluded that “das 
proteolytische Enzyme ist nicht dialyserbar, kann also von normalen 
oder nur hungernden zellen nicht secernirt werden.” Altho Will 
(1901) pointed out that he could find no correlation between the 
number of dead cells and the proteolytic activities, the view of Hahn 
and Geret seems to be generally accepted by subsequent authors. 
Will, in the last mentioned paper, obtained liquefaction in 6 days 
with S. anamalus. At the end of this period he could find neither 
spores nor dead cells, hence concluded that for this species, at least, 
neither Beijerinck’s nor Hahn and Geret’s views were tenable. He 
failed, however, to get liquefaction with a certain S. cerevisi I. He 
still contended that the action, when observed, was a function of 
normal yeast, but in 1912 the statement is made with somewhat 
less assurance. 

Kohl in his text “Die Hefepilze” (1908) remarks that the pro- 
tease content of the yeast is of greatest importance for the char- 
acter of the yeast, but evidently bases his conclusions on nothing 
aside from Delbriick’s earlier assertions. Henneberg (1909) states 
that “Sickerlich scheiden manche Pilze und ebenso die schon 1.ach 
einigen Tagen die Gelatine verfliissigenden Hefearten das eiweis- 
aubauende Enzyme bereits in lebende Zustande aus.” Guillermond 
(1912) also is inclined to accept Will’s view, but Effront (1914) 
states that “l’enzyme proteolytique des levures ne diffuse point, ou 
tres difficilement au dehors de la cellule vivante et normale: c’est 
une diastase endocellulaire” which is very nearly the opinion ex- 
pressed by Hahn and Geret in 1900, as quoted above. 

A review of the available literature accordingly leads to but few 
definite conclusions. The yeast cells evidently contain at least 
three types of proteases, namely, a primary, a secondary, and a 
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tertiary protease. These proteases have not been proved to diffuse 
through the membranes of the normal cell. There is, however, 
evidence that certain yeasts, at least under abnormal conditions, 
may attack the protein in their immediate environment. 


Methods Available in Studying Proteolysis in Flour Preparations 


Ford and Guthrie (1908) demonstrated the deleterious effect of 
even small quantities of proteolytic ferments on gluten. They found 
that the presence of proteolytic enzymes “had an extremely detri- 
mental influence on the tenacity of the gluten and hence on the 
property of gas-retention.” By adding a small amount of protease 
to an otherwise “strong” flour this was rendered entirely unfit for ~ 
breadmaking. 

In a series of papers by Gortner and his co-workers (1918-23) 
it has been pointed out that the baking value of a flour, as depend- 
ent upon the strength of the gluten, is definitely correlated with 
the colloidal state of the emulsoid gluten. As the colloidal state of 
the gluten approaches that of the crystalloidal realm, its physical 
properties are profoundly changed and the character of the flour 
changes proportionally from “strong” to “weak.” 

If this viewpoint is correct, then the detrimental influence of 
proteolytic enzymes would seem to be due to cleavage of the col- 
loidal particles so as to decrease the margin between colloid and 
crystalloid. 

It accordingly becomes of no small importance to know definite- 
ly what, if any, proteolytic activity is possessed by normal bakers’ 
yeast. A review of the literature does not afford a basis for any 
definite conclusion. The work of Will (1898-1911) with liquefac- 
tion of gelatin shows very divergent results with different strains 
of yeast and is never quite freed from the question of the number 
of dead cells present. 

Beijerinck (1897) stated that beer-yeast had proteolytic powers 
which rendered it unfit for use in bakeries, but there again we know. 
nothing about the previous history of the yeast employed and often 
beer-yeast was used for long periods at the breweries, making pos- 
sible the presence of a large number of dead cells. Delbriick (1893- 
1903) always maintained that beer-yeast normally had strong pro- 
teolytic powers, but no real evidence is available; and Hahn and 
Geret (1900) failed repeatedly to obtain any such proteolytic 
enzyme by washing fresh vigorous yeast. The general impression 
seems to be that only under abnormal conditions (death or starva- 
tion) will yeast liberate any of its stock of proteolytic enzymes, 
and if this is so, the present practice of using fresh pressed yeast 
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should eliminate it as a source of proteolysis in dough fermentation. 
Baker and Hulton (1908), however, found a decided increase in 
soluble nitrogen in a dough made up with yeast over that made up 
without yeast, and these authors concluded this to be due to a 
proteolytic enzyme supplied by the yeast. These authors also 
called attention to the probability of profound physical changes 
preceding the observed increase in soluble nitrogen. 

These observations indicate that at least some commercial 
baker’s yeasts may show proteolytic powers and the present work 
was undertaken with the end in view to establish definitely what 
proteolytic action may be expected from commercial bakers’ yeast 
and whether this is due to the normal yeast cell. It was also de- 
sired to ascertain in what way such activity influences the 
“strength” of the flour during the fermentation process. 

In a study of proteolytic changes in flour, considered from the 
standpoint of breadmaking, we are chiefly concerned with the 
changes in physical properties and only secondarily with the 
changes in nitrogen distribution, altho the latter be of much theo- 
retical importance. Thus viscosity measurements are of primary 
importance as they show the actual changes in the colloidal proper- 
ties with which the miller and baker are chiefly concerned. In the 
prosecution of the research such other methods were utilized as 
would aid in the interpretation of the viscosity changes observed. 

It has long been recognized that enzymatic cleavage of col- 
loidal aggregates, be it carbohydrate or protein, profoundly affects 
the physical properties of such colloids. Spriggs (1902) correlated 
the protein cleavage of a meat extract with its decréase in viscosity. 
This author used an Ostwald viscosimeter and found the viscosity 
changes to follow the logarithmic equation 

Y=—K (p.t?) N 
Where y is the viscosity, p the relative strength of the protease 
employed, and t the time in hours. By making y equal the 
remaining coagulable protein and plotting against time, a like curve 
was obtained, showing the close correlation between viscosity and 
protein cleavage under the conditions of the experiment. Groéer 
(1912) has used the same principle in measuring the liquefaction of 
gelatin by B. prodigiosus. 

The reduction in viscosity during proteolysis is a measure of 
the change in internal friction, which, in flour and water suspen- 
sions, is largely due to changes in the hydration capacity of the 
gluten. The latter in turn has been correlated with those colloidal 
and physical properties that determine the “strength” of gluten. 
In studies of proteolysis of flour the viscosity method should be of 
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particular importance, and the mere tabulation of changes in coagu- 
lable protein and other nitrogen fractions can not be expected to 
tell the whole story. A considerable change in physical properties 
prior to any apparent chemical change in the soluble protein frac- 
tion is to be expected, unless we consider the liquefaction to be a 
process of gradual paring down of the colloidal complexes rather 
than a definite cleavage. Indeed, Baker and Hulton (1908) sur- 
mised the latter to be the case. These authors stated: “It is 
probable that the physical character of the gluten may be much 
modified during the early stages of enzyme action without the pro- 
duction in large quantities of soluble decomposition products. In 
this connection may be noted the profound change in the viscosity 
of a starch paste under the influence of a trace of liquefying diastase 
before any maltose is produced.” 

The Ostwald viscosimeter is not practical for flour work, but 
Gortner and Sharp (1923) have successfully used the MacMichael 
viscosimeter in such studies. This instrument permits accurate 
and rapid determinations of the viscosities (and thus of the maxi- 
mum hydration capacities) of flour suspensions, and for that reason 
is well adapted to measuring the changing viscosity of flour sus- 
pensions in enzymatic work. 

Except in certain instances where special conditions required 
a different procedure, the following method has been used in 
eur studies of the proteolytic activity of yeast: 

To 35 gms. of a strong patent flour in a 250 cc. Erlenmeyer 
Sask was added 125 cc. of distilled water previously warmed to 
30°C. After suspending the flour particles by agitation of the 
mixture, 15 cc. of a 10% suspension of yeast in distilled water was 
added, and thoroly mixed with the flour and water. The flasks 
were incubated, with occasional shaking, for the desired time at 
30°C. Controls were prepared in the same manner except that 
140 cc. of water was used and no yeast added. This was sufficient 
for two viscosity determinations, approximately 75 cc. being neces- 
sary for each. 

The improved type of MacMichael viscosimeter, fitted with a 
No. 30 wire and a 2-cm. cylindrical plunger, was used in determin- 
ing the viscosity of such preparations. The cup was filled to the 2 
cm. mark on the plunger and rotated at 76.4 (4x19.1) revolutions 
per minute. 

To obtain the viscosity at the maximum hydration of the gluten, 
6 cc. of N/I1 lactic acid was added in three 2-cc. portions. The 
mixture was stirred after each addition and the viscosity measured. 
In tabulating results the final reading was recorded and no effort 
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has been made to convert these into absolute viscosity or centipoise 
units. The MacMichael readings are comparable as such, and in 
each set of measurements are comparable with the readings ob- 
tained with a normal flour mixture. 

Two different reagents were employed in an effort to determine 
quantitatively the changes in nitrogen distribution due to proteoly- 
sis. The first, stannous chloride solution, was originally proposed 
by Scherning (1896-97) for the precipitation of primary proteins; 
the second, copper hydroxide, was used by Osborne and Leaven- 
worth (1916) and by Blish (1918). The latter presented data to 
show that it precipitates everything down to the peptide and amino 
acid stage. Certain modifications in the use of these reagents 
render them both dependable and rapid of use; hence they are 
described in detail. : 

One-half of each of the flour suspensions prepared in the man- 
ner described above was used in the viscosity determinations. 
while the other half was clarified by centrifuging and the clear, 
supernatant liquid used in determining the total nitrogen (using 
25 cc.) and the nitrogen not precipitated by the copper or tin 
reagents. 

In using stannous chloride for the precipitation of proteins, 
Scherning (1897) found it precipitated somewhat less nitrogen 
from extracts of malt than did lead salts, but practically the same 
amount from egg-albumen (90%). The fraction precipitated by 
stannous chloride was termed Albumen I. Sorensen (1909), and 
Dernby (1917) have used this reagent in following pepsin cleavage 
of acid albumen, but their procedure was very time-consuming, two 
days being required for pre ~ipitation. 

In these studies the reagent was prepared in the manner de- 
scribed by Scherning’ (1896), 50 grams of tin being dissolved in 
sufficient concentrated hydrochloric acid to which a few drops of 
platinic chloride solution had been added to accelerate the reaction. 
The solution was evaporated almost to dryness and then diluted, 
filtered into a 500 cc. volumetric flask, and made to volume with 
water. This concentration is twice that used by Scherning, and 
others. The solution becomes turbid unless distinctly acid, but 
this acid reaction does not interfere with its use. 

Preliminary precipitation trials gave very discouraging results, 
the filtrates obtained being turbid and opalescent in most instances. 
A few were clear, however, and these were found to have a hydro- 
gen-ion concentration equivalent to pH 5.9. This suggested that 
the degree of acidity determined the clarity of the filtrate, and the 
following procedure was developed and gave uniformly satisfactory 
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results. In a 100 cc. volumetric flask was placed 25 cc. of the flour 
extract, about 6 cc. of the stannous chloride reagent, and 10 drops of 
brom-cresol-purple indicator solution?. To this was added with 
constant agitation, sufficient 5 per cent solution of sodium hydrox- 
ide to render the mixture a faint blue color. If the end point was 
passed, the solution was acidulated with dilute hydrochloric acid 
solution until the pH of 5.9 was reached, as shown by the tint of 
the indicator. The bulky precipitate formed under these conditions 
settled rapidly, and after bringing the volume to 100 cc. by the 
addition of water, a clear filtrate could be obtained. An aliquot 
of this filtrate, usually 50 cc., was then used for the Kjeldahl 
determination of Sn-non-precipitable nitrogen, and these results 
were calculated to a basis of 10 grams of the original flour. 


In using copper as a protein precipitant, Ritthausen (1872) 
alternately added solutions of copper sulphate and of alkali, while 
Stutzer (1881) employed freshly precipitated copper hydroxide. 
The latter reagent has been extensively used. Osborne and Leav- 
enworth (1916) developed Ritthausen’s method in precipitating 
edestin and gliadin, and found a certain excess of copper sulphate to 
be necessary for complete precipitation. Blish (1918) applied the 
method to a determination of the non-protein nitrogen of flour, and 
found that all proteins and cleavage products down to the peptide 
stage were precipitated by copper hydroxide. In his procedure, a 
unit quantity of 0.1 N. sodium hydroxide, and slightly more than 
an equivalent quantity of .01 N. copper sulphate were added to the 
water extracts.~ This adjustment of the excess of copper sulphate 
appeared to be of importance and yet proved somewhat difficult in 
our experience. We found, however, that if phenolphthalein was 
added with the sodium hydroxide solution, and copper sulphate solu- 
tion was then added until the original purple tint changed through 
a blue to a green hue, the change from blue to green occurred when 
the proper amount of copper sulphate had been added. The transi- 
tion is sharp and easily observed. The same volume of flour ex- 
tract, and the same aliquot of the filtrates from the copper precipi- 
tate were used in this determination as in the case of the filtrates 
from the stannous chloride precipitates. 


2With careful manipulation one cc. of the stannous chloride solution precipitated the 
protein; but with small quantities of the reagent, difficulty was subsequently experienced in 
adjusting the reaction of the mixture in adding the alkali, 
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Changes in the Physical Properties of Flour in the 
Presence of Yeast 


The presence of salts has been shown to dispress the hydration 
capacity of gluten (Sharp and Gortner 1924). On adding commer- 
cial bakers’ yeast to flour suspensions intended for measurements 
of gluten hydration capacity, it was necessary to guard, as far as 
possible, against the effect of the addition of varying quantities of 
salts with the yeast. To this end the yeast was first suspended in 
water, and washed with several changes of water. It was again 
suspended in water, and aliquots were added to the various flour 
preparations. In case of the controls to which yeast was not added 
at the outset, a unit of the yeast preparation was always added at 
the end of the digestion period and before the hydration capacity 
of the gluten was determined. 

In a preliminary series of observations it appeared that the 
hydration capacity of the flour gluten was depressed by prolonged 
contact with living yeast. Thus the viscosity (in degrees 
MacMichael*) of a flour suspension to which yeast was added and 
the mixture incubated at 30°C. for 4 hours was 304° after acidu- 
lation. A similar preparation, with 4 per cent of yeast present, 
after acidulation yielded a less viscous preparation, having a viscos- 
ity of 113° MacM. When washed commercial bakers’ yeast was 
compared with a freshly grown pure culture of a certain strain of 
S. cerevisiae, described by Willaman and Olsen (1923) as “W. & 
O,” similar results were obtained. Both yeast preparations effected 
a reduction in the hydration capacity of gluten of the flour in con- 
tact with them. This established that the effect was due to the 
presence of the yeast cells, and not to other organisms which might 
chance to be present in the commercial yeast. 


TABLE I 


ComPaRISON OF ViscosiTy AND Resistance oF FLour Suspensions WITH AND 
Without Yrast at Intervats Durinc Six Hours 


Viscosity of acidulated preparation Electrolytic resistance* at 25° 
Time With yeast Without yeast With yeast Without yeast 
Min. MacMo MacMo Ohms Ohms 
5 37 37 
15 38 40 917 1050 
60 34 50 881 944 
105 26 48 864 887 
150 19 43 873 882 
195 17 40 ssi 896 
240 16 38 848 920 


*Measurements of electrolytic resistance were kindly made by Arnold H. Johnson. 
3Designated as MacM°. 
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In another series of experiments, the electrolytic resistance of 
the mixtures of flour and yeast was determined at intervals to 
ascertain whether or not electrolytes progressively appeared in the 
extracts. A control, with yeast omitted, was included in the series. 
The decrease in electrolytic resistance of the preparation in which 
yeast was present was too slight to account for the substantial 
reduction in the hydration capacity of the gluten in the same prep- 
aration. This is shown by the data in Table I. It is also evident 
that a comparatively small quantity of ionizable salts was added 
with the washed commercid! yeast, as the electrolytic resistance 
of the preparation in which the yeast was present, while somewhat 
less, was not very different from the flour suspension containing 
no yeast. Carbon dioxide respired by the yeast in fermentation was 
probably responsible for a part of this difference in the two 
preparations. 

Continuing the studies of the effect of both commercial yeast 
and yeast cultured in the laboratory on the flour in a fermenting 
batter resulted in additional data indicating that the gluten had 
been altered in some manner not accounted for by any salt effect. 
Thus, when washings of a suspension of yeast and flour were shaken 
up with a washed flour, the viscosity of the latter, after acidulation, 
was reduced somewhat, but remained practically double that of the 
flour, which had been digested with yeast, centrifuged, and the 
washings of flour alone added to it. In other words, when the 
washings of (a) a yeast and flour, and (b) flour alone, were added 


to the solid residues obtained by centrifuging “b” and “a” respec- 
tively, a notably lower viscosity of the acidulated residue from “a” 
with the washings from “b” present was observed. 

At this stage of the investigation, determinations of the viscos- 
ity of a variety of preparations were made. In these preparations 
two brands of commercial bakers’ yeast, two laboratory cultures 
of bakers’ yeast, and one lot of brewers’ yeast were compared. 
The results with these different yeasts, when the same treatment 
was accorded the preparation, were very similar. Autolysed yeast 
also gave results approximating those of normal, living cells. The 
viscosities of the flour suspensions treated with the several yeast 
preparations are shown in Table II. These observations suggested 
that proteolysis was responsible for the reduction in water-imbibing 
capacity of gluten, which resulted from the treatment of flour with 
various yeast preparations, and this opinion was entertained until 
subsequent investigations showed it to be in error. 
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TABLE II 


COMPARISON OF DIFFERENT YEASTS AS TO ‘THEIR JNFLUESCE UPON THE VISCOSITY OF 
FLouR SUSPENSIONS 


No. Flour Digestion period, hours 
used* Treatment of preparation 1 2 3 
Viscosity in MacM° 


No yeast, 25 gms. flour + 100 cc. H2O.... 50 47 40 
4% yeast “W & O” fresh 36-hour culture, 
washed 42 27. 17 
4% yeast Commercial baker’s A, washed.... 34 25 
2% yeast Commercial baker’s A, washed... 
Same as 3, left under Toluol for 8 days, 
then dialysed 
Same as 3, not washed......... 
4% yeast, Commercial baker’s A, washed.. 
4% yeast, Commercial baker’s B, washed. . 
4% yeast, same as 2, not washed 
4% yeast, “T’’, fresh 16-hour’ culture 
washed 
No yeast, 25 gms. of flour + 100 cc. HeO 
No yeast, 25 gms. of flour + 100 cc. H2O 
4% yeast, “W&O,” fresh 36-hour culture 
Same as 15 except yeast suspension froz- 
en solid for % hour, then rapidly thawed 
Same as 15 except yeast first ground with 
quartz for 15 minutes 
Same as 15 after standing under Toluol at 
30°C. for 18 hours 
4% yeast, special starch-free commercial 
baker’s A, washed 
5 cc. of dialysed yeast autolysate, after 
autolysing about a week. Tuluol water 
used for flour suspension 
Same as 20 except ordinary distilled HoO 
used 
Digested with HeO, 5 cc. of same autoly- 
sate added 5 minutes before reading. . 
4% yeast, “W & O,” fresh 24-hour cul- 
ture, washed 22 
24 4% yeast, Brewer’s yeast C, washed 21 


“*Both flours used are hard patent wheat flours. Duplicates usually check within 1 or 
2° MacM.; hence are not given. Except where stated, each determination refers to a dif- 
ferent sample cf yeast, the designations A, B, and C referring to different brands. 


When an effort was made to determine the extent of proteolysis 
in flour-yeast batters, as indicated by the percentage of nitrogen in 
solution after precipitation with the tin and copper reagents, it 
was found that the difference between these fractions in the sus- 
pension in which yeast was present and in that from which yeast 
had been omitted, was comparatively slight. In both preparations, 
the non-precipitable nitrogen increased somewhat with the lapse 
of time. A greater difference was noted in the fraction represent- 
ing the total soluble nitrogen. The preparation in which veast 
was present and that from which it was omitted contained 6.0 and 
3.8 mgms. of nitrogen in the respective water-soluble fractions. 
These data are recorded in Table III. 


80 PROTEASES OF YEAST Vol. U 


TABLE III 


COMPARISON OF CHANGES IN VISCOSITY AND NITROGEN DISTRIBUTION IN FLOUR 
SUSPENSIONS WITH AND WITHOUT FRESHLY CULTURED YEAST 


Flour, B 932 Hard Spring Patent. Total nitrogen per gm. of flour, 18.7 mgms. 


Viscosity of acidulated oluble n-non-precipitable Cu-non-prec. 
flour suspensions N per gram flour N per gram flour N per gram flour 
With Without With Without ith Without With Without 
Time yeast yeast yeast yeast yeast yeast yeast yeast 
hours MacM° MacM° Mgms. Megms. Mgms. Megms. Mgms. Mgms. 
1 35 48 3.6 2.8 at 0.2 a 9.2 
2 30 50 4.3 2.9 0.4 2H 0.3 
3 20 47 4.7 2.6 0.5 es 0.4 be 
4 16 43 4.8 3.1 Py 0.3 4 0.3 
6 17 41 4.8 3.2 0.5 + 0.4 Se 
8 16 41 6.0 3.2 0.6 0.3 0.4 0.3 
10 16 37 5.7 3.7 
12 15 37 6.0 3.8 0.8 0.5 0.6 0.4 


Beer-wort in which yeast had been cultured was then examined 
to determine whether or not it contained active proteases derived 
from the yeast. The wort, filtered free from yeast cells, was mixed 
with flour suspensions, and the mixture was digested for 12 hours, 
with toluol present to inhibit bacterial activity. As a control, flour 
was also mixed with autoclaved wort in which the enzymes had 
presumably been destroyed. There was no difference either in the 
viscosity of the flour residue (after washing out the salts) or in the 
soluble nitrogen fraction of the two preparations. This leads to 
the conclusion that beer-wort in which yeast cells had been cul- 
tured and then removed was devoid of active proteases capable of 
effecting hydrolytic cleavage of flour proteins. It thus appeared 
that proteases capable of hydrolysing flour proteins were not 
secreted by living yeast cells into the culture medium in which 
they had been propagated. 

When yeast was inactivated by toluol, the extent of change in 
the hydration capacity of flour gluten in contact with the yeast 
was substantially reduced. This is shown by the data in Table IV. 
It accordingly appears that the effect of yeast upon gluten is 
attributable to the normal respiration or metabolism of the yeast 
cells, (which metabolism is interrupted or modified by the presence 
of toluol, rather than to yeast protease, the activity of which 
according to Hahn and Geret (1900) is not reduced by toluol in the 


quantities employed. 
TABLE IV 


EFFECT OF TOLUOL-SATURATED WATER ON THE ACTION OF YEAST IN MODIFYING THE 
WATER-IMBIBING CAPACITY OCF FLOUR 


Ant. of Fleischmann’s Viscosity after 
starch-free yeast used Water used for 2 hours 4 hours 
Per cent flour suspension MacMo MacMo 
0 Ordinary distilled 49 45 


0 Tolucl saturated 51 48 
a Ordinary distilled 22 16 
+ Toluol saturated 41 28 
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Influence of Increasing Hydrogen-ion Concentration on the Prop- 
erties of Flour Proteins 


It has been observed by Bailey and Sherwood (1922) and others 
that the hydrogen-ion concentration of bread dough increased pro-’ 
gressively during the course of normal yeast fermentation. In 
order to ascertain the course of the change in hydrogen-ion concen- 
tration of flour suspensions fermented with yeast such as had been 
used in the earlier studies of viscosity changes, a series of observa- 
tions was made which showed a progressive decrease in pH of the 
suspension with the lapse of time. As shown in Table V, the pH at 
the end of the first hour of fermentation was 5.61, and after four 
hours, 5.27. The viscosity of the acidulated flour suspension had 
also decreased during the same period when yeast was present. 
In the contro! flour suspension, with yeast omitted, there was little 
change in pH, and the viscosity increased slightly. In order to 
ascertain whether or not the increased acidity of the fermented 
suspension was responsible for the observed change in viscosity, 
a flour suspension (without yeast) was acidulated with lactic acid 
solution until the concentration of acid was equivalent to 0.003 
normal. The hydrogen-ion concentration of this preparation as 
shown in Table V was only slightly greater than that of the fer- 
mented suspension 4 hours after mixing. A comparison of the 
viscosities of the yeast-fermented flour suspension and the acidu- 
lated suspension shows them to have been practically identical at 
the end of the fourth hour. 


TABLE V 


CoMPARISON OF EFFECT oF DiLuTeE LAcTIC ACID WITH THAT OF YEAST ON THE 
VISCOSITY AND SOLUBLE NITROGEN CONTENT OF FLOUR SUSPENSIONS 


Hours 
0 1 2 3 a 

Maximum viscosity of acidulated flour suspension, 

MacMo° 

(a) without yeast or acid......ccssccsscees 38 48 50 47 43 

(b) with yeast, no acid added.............. 39 - 28 ae 22 

(c) 0.003 N lactic acid without yeast........ 38 42 32 26 23 
Hydrogen-ion concentration, as pH 

(b) with yeast, no acid added.............. a 5.61 a as 5.27 

(c) 0.003 N lactic acid without yeast........ “a 5.10 5.04 4.96 4.95 
Soluble nitrogen per gram of flour, milligrams 

(b) with yeast, no acid added.............. oe 9.2 

(c) 0.003 N lactic acid without yeast........ e< 8.6 9.3 10.3 10.0 


The concentration of soluble nitrogenous material in the yeast- 
fermented and the acidulated (no yeast) suspensions was also 
practically the same after the lapse of four hours. These observa- 
tions suggest that increasing hydrogen-ion concentration of the 
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fermenting flour suspensions may have been responsible for the 
observed changes in the properties of the flour proteins. 
To throw further light on the role played by the hydrogen-ions 
-in reducing viscosity and increasing the concentration of soluble 
nitrogenous constituents of flour suspensions, another series of 
experiments was conducted, in which additional variables were 
introduced. Not only were preparations included in which (a) 
water, (b) water and yeast, and (c) water and lactic acid, were 
used in suspending the flour particles, but sodium hydroxide was 
added to certain preparations to render them less acid. Thus, in 
one preparation, in which the acidity produced during fermentation 
with yeast was periodically neutralized with a small quantity of 
sodium hydroxide, the colloidal properties of the gluten (as 
indicated by viscosity measurements), and the soluble nitrogen 
fraction were approximately the same as those of the flour-in-water 
suspension from which yeast had been omitted. This confirms the 
opinion already expressed that the increased hydrogen-ion concen- 
tration of the fermented suspension of flour was responsible for 
the modification of these flour properties. It is not only possible 
but probable, that in an extended fermentation, such as the 18- to 
20-hour fermentation to which cracker sponges are subjected, dead 
yeast cells might contribute proteases to the sponge in such con- 
centration and active condition as to effect a substantial proteolytic 
cleavage of the gluten proteins. This study, however, is concerned 
only with the properties of normal, intact cells. 


TABLE VI 


INFLUENCE OF HypROGEN-ION CONCENTRATION ON THE PaoGREssIVE CHANGES IN VISCOSITY AND 
Sotuste Nitrocen Content 07 Suspensions, Usinc Fiour B392, 
ann Wasnep CommerciAt Baker's YEAST 


Characteristics of suspension at end of '4-hour period 


Viscosity of acid- 
; ulated suspension Soluble 
Hydrogen-ion With With Viscosity of nitrogen 
concentra- extract extract alkaline per gram 
Conditions and treatment tion resent removed suspension of flour 
pH acM2 MacMo MacM° Milligrams 


Plain suspension of flour in water.. 6.01 48 49 142 3.2 
Flour in water, with 4% yeast 5.33 22 26 9.0 
Same as above, with toluol to retard 
yeast activity . 38 37 
Flour in water, with 4% yeast and 
acidity controlled with NaOH.... 37 50 
Flour in water, with added NaOH 54 4 
Same as above, but with a larger 
quantity of NaOH a 48 43 
Flour in water, with lactic acid, 
equivalent to 0.003 N ‘ 22 
Flour in water with lactic acid, 
equivalent to 0.006 N A 15 
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The exact mechanism of the observed changes in water-imbib- 
ing capacity of glutenin resulting from exposure in solution to 
acids, deliberately added to the flour suspensions or to acids devel- 
oped during the course of yeast fermentation, is not clear and must 
be ascertained by further study. Concentration of acid and dura- 
tion of treatment may both function as variables in determining the 
extent of change in this property of glutenin. 


Summary and Conclusions 


Substantial changes in the physico-chemical properties of gluten 
of wheat flour in a dough or flour suspension may result from yeast 
fermentation. Glutenin is the protein presumably chiefly involved 
in the changes which were studied. Water-imbibing capacity as 
measured by the viscosity of flour suspensions afforded a con- 
venient criterion of the modification of glutenin which occurred 
during fermentation with yeast. 

Reduction in water-imbibing capacity of gluten can not be 
attributed to proteases contributed by living, normal yeast cells, 
but rather 'to the increased hydrogen-ion concentration of the flour 
suspension ‘undergoing fermentation. Addition of dilute acids to a 
yeast-free flour suspension resulted in essentially the same modifi- 
cations of the glutenin as occurred in normal fermentation with 
yeast. When dilute alkali was periodically added to the fermenting 
mixture to prevent increases in hydrogen-ion concentration, the 
extent of change in water-imbibing capacity of the glutenin was 
slight. 

Retarding the normal metabolism of yeast with such an inhib- 
itor as toluol retarded the rate of increase in hydrogen-ion concen- 
tration of the mixture, and therefore in the reduction of the water- 
imbibing capacity of glutenin present in the mixture. 

No substantial increase in the nitrogen fractions not precipi- 
tated with the copper and tin reagents could be detected during a 
4-hour fermentation period. This is further evidence that pro- 
teolysis had not proceeded very far during this brief treatment with 
yeast. 

Progressive solation of the flour proteins during fermentation 
may be attributed to increasing acidity. Such changes in solubil- 
ity are practically reversible, as shown by the immediate coagula- 
tion of the dispersed proteins on the addition of sufficient dilute 
alkali to return the reaction of the medium to the iso-electric range 
of the proteins involved. 

These several observations indicate that the proteases contrib- 
uted by sound, normal intact yeast cells (bakers’ yeast) are 
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negligible in their effect upon the properties of gluten during a 


4- or 5-hour fermentation period. 
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AND THEIR VOLUME MEASUREMENT 
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The problem of measuring the volume of oven products, especially 
that of bread, is one that is a routine matter in many cereal labora- 
tories. In principle, the various methods used are very much alike 
and depend on a determination of the volume of some sort of seed, 
displaced by the oven product. Rape, mustard, and flax seed have all 
been employed, but rape seed is probably more often used than any 
of the others. In the measurement of volumes by the seed method 
the accuracy of results is dependent on several factors, the one most 
difficult to control being the standardization of the seed weight con- 
tained by the receptacle which is to hold the oven product. In con- 
junction with this is the problem of the weight of the seed contained 
in the receptacle when the loaf of bread is in it. Both these factors 
depend on how the seed is introduced, that is, the volume flow of seed 
into the receptacle, the distance it is allowed to fall, and whether 
any later attempts are made to pack the seed in the receptacle. 
Quite material differences in results may be obtained by varying the 
method of handling the seed, and it is only by standardizing a method 
of procedure in some way that accurate and comparable results are 
obtainable. Perhaps the most commonly employed method today is 
one in which the drop and size of flow of the seed is automatically 
controlled, and the volume may be read off at once from the mark- 
ings on a tube. Such equipment will check in duplicate determinations 
within 10 cc. in loaf volumes of say 2000 cc. that is, within 0.5 
per cent. 

One of the problems which will confront the committee on stand- 
ardizing a baking procedure, will be that of measuring bread volumes, 
but this seems not to present any unusual difficulties. The method of 
volume determination must be standardized, however, as there is no. 
use in standardizing a baking procedure if the measurement of volumes 
is not likewise so treated. 

The measurement of the volume of baking powder biscuits is quite 
important, altho the call for such determinations is not so widespread 
as in the case of bread. In making such measurements two methods 
have been employed. The first method has employed the seed dis- 
placement principle, the second, the use of a paraffin coating. In the 
latter case, the biscuits are dipped into melted paraffin and removed. 
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When the coating has hardened, the biscuit is immersed in a large 
graduate containing water and the increase in volume noted. This 
increase is considered to correspond to the biscuit volume plus the 
volume of the paraffin coating. If the weight of the biscuit is known, 
as well as that of the paraffin-coated biscuit, the difference in weight 
corresponds to the weight of the paraffin coating. If the specific 
gravity of the paraffin is known, the volume occupied by the paraffin 
coating on the biscuit is readily determined by dividing its weight by 
its specific gravity. By subtracting this volume of the paraffin coating 
from the volume increase of the water in the graduate, we get the 
volume of the biscuit per se. 

This paraffin method has been more or less used, but in our 
work we have discarded it, for the results given by it are illusory. 
Baking powder biscuits prepared in the usual fashion are always more 
or less misshapen, i.e., the sides are likely to have fissures in them. 
The paraffin does not coat these fissures with an even coating, but is 
more likely to fill them. Then, too, paraffin sometimes soaks into the 
body of the biscuit. It is this factor especially which leads to incorrect 
results, for the paraffin within the body of the biscuit is returned in 
the calculations as a volume which is to be subtracted, whereas, as a 
matter of fact, it has no effect in increasing the water displacement 
in the graduate. It is quite parallel to increasing the weight of a 
sponge by its capacity to imbibe water, without materially affecting its 
volume. 

Reference has been made to the seed displacement method for 
measuring biscuit volumes. This still is, in our judgment, the most 
reliable method for this determination that we now have; and the 
results which we are reporting deal with a refinement in this seed 
method which has, in practical operation, given splendid results. 

One of the difficulties in volume determination in biscuits has 
been connected with the fissures. Their unevenness and depth are 
often such that there is no assurance that they are as completely filled 
with seed as possible. One must be sure that the biscuit is touched 
at all points by the seed, otherwise the results are inaccurate to the 
* extent to which this is lacking. It was to overcome this difficulty that 
the following investigation was carried out. 

The usual method for measuring biscuit volume is the “liter cup.” 
In principle it does not differ from the ordinary method for measuring 
bread volumes, except that five biscuits are measured simultaneously. 
The standardization of the cup with seed and the filling of the cup 
with seed, after the biscuits are placed in it, are both hand work. The 
larger the amount of seed to be handled, the greater the chance for 
error through unevenness of packing. Five biscuits will take up 
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less than one-third of the cup volume, and great care must be 
exercised in the way the seed is introduced; it must flow in as nearly 
a uniform stream as possible and from a uniform height and with no 
attempt at packing. The greater the volume of the cup occupied by 
the biscuits, the less the error introduced from lack of uniformity in 
seed introduction. 

The basis for the method which we have developed depends on 
the use of a series of brass rings, inside of which the biscuits are 
baked. The biscuits when baked generally occupy two-thirds or more 
of the volume of each ring, which reduces the error which comes from 
any unevenness of filling the remaining volume with the rape seed. 
The greater the volume of rape seed used, the greater the chance for 
error in filling. 

The rings in question are made from two-inch brass pipe and the 
ends are accurately machined.’ We have had a number of such rings 
made from one piece of pipe. The rings, when calipered with 
accuracy, showed an inside diameter of 1.998 inches and a height of 
1.55 inches. One end of each ring was beveled from the outside so 
as to produce a sharp cutting edge, for cutting easily through the 
dough. Knowing the exact height and inside diameter of the rings, 
a determination of their cubical contents in cubic centimeters is 
merely a matter of a simple calculation. Each of these rings had a 
cubical content of 79.64 cubic centimeters. 

The next step in the procedure is to determine the weight of rape 
seed which the rings will hold. A single operator should perform 
this work and the rape seed should be carefully introduced from a 
beaker in an even stream and from a uniform height. When the rings 
are full, a straight edge of some sort is used to strike off the excess 
seed, the straight edge resting, of course, simultaneously on the oppos- 
ing edges of the brass ring. Before filling the rings they are placed, 
cutting edge down, on a piece of tin plate. This plate is about eight 
inches square, and it is used in subsequent operations. A plate used 
in this fashion makes it easy to remove the seed from the rings. 
Weighings of the seed were made in a tared beaker on a torsion 
balance, to 1/10 gram. A large number of rings should be so filled 
and their content of seed weighed, the average weight then being used 
in subsequent calculations. We found the average weight of rape seed 
held by these rings to be 51.3 grams. If the volume of a ring is 79.64 
cubic centimeters and it holds 51.3 grams of seed, then one gram of 


seed occupies 5 gy = 1.55 cubic centimeters, that is, the specific 


volume of rape seed is 1.55. 


5 
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At this point it may be pointed out that all weighings recorded in 
this work were made on a torsion balance to 1/10 gram, except in the 
case of the baking powder, in which case an analytical balance was 
used. 

It is necessary to settle on some standard formula for making 
biscuits. All formulae in cook books as well as those recommended 
by baking powder manufacturers, vary a little, but the most essential 
factor is the ratio of baking powder to flour. The standard ratio in 
the case of so-called “one spoon” powders, is one level teaspoonful of 
baking powder to one cup of sifted flour, that is, a ratio of 1:32 by 
weight. The full formula that we use is as follows: 


Flour (soft wheat patent) ............seeeeeeeeeee 226.80 grams 
. bans bodes 125.00 cc. 


It is necessary that all ingredients be uniform. If the flour used 
be purchased in cartons, the contents of several of them should be 
combined and intimately mixed, so as to make a uniform large sample 
from which the flour stock may be drawn. The shortening may be 
lard, hydrogenated vegetable oil, or any other recognized type. Before 
use, the temperature of the shortening should be raised a little above 
its melting. point and the melt thoroly mixed. The shortening is always 
introduced into the batch in a molten condition, its temperature being 
but slightly above its melting points. The salt should be of uniform 
grain and free from lumps. All baking powders before use should be 
emptied completely from their cans and sifted at least four times, to 
insure uniformity. 

The solid ingredients—flour, salt, and baking powder—are inti- 
mately mixed by sifting four times through a flour sifter of the 
ordinary household type, and then placed in a crock. At this point 
the shortening is introduced. The melted shortening is poured in 
from a small beaker and “cut” in with a fork, ending with the use of 
the fingers. Our experience has shown that a fork cannot be wholly 
relied on for the complete mixing desired. Three minutes are given 
to the cutting in of the shortening. The requisite quantity of water 
is then introduced, its amount depending on the absorption capacity 
of the flour and the stiffness of the dough desired. A fork is all that 
is necessary to incorporate the water properly and we have given two 
minutes to this part of the procedure. 

The length of time the dough should stand before baking is a 
matter depending wholly on the object and character of the test bake; 
therefore no hard and fast rule may be laid down. In some of our 
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tests we have baked the dough immediately. In others the cut dough 
has stood for an hour or more. 

If two baking powders are to be compared, another element is 
introduced. The batches are made side by side and best by the same 
operator, for then all mechanical operations, such as cutting in the 
shortening and mixing in the water, tend to be uniform. 

In making comparative bakes with two different samples of baking 
powder, in order to equalize the time element when only one operator 
is working, double bakes must be made. For example, let us consider 
two powders A and B. If the two batches have been made side by 
side up to the point of introducing the water, the single operator will 
introduce first the water into the batch containing powder A, and 
second, into that containing powder B. A subsequent bake is then 
made in which the water is added first to the batch containing powder 
B. If all other factors are carefully controlled, then a comparison of 
results of the two sets of bakes will show any effect produced by the 
difference in time at which the water is added. If this time element is 
to be avoided, two operators may simultaneously add water to the 
hatches containing powders A and B. In its place, however, arises 
the always unanswered question whether the two operators mixed in 
the water in a similar fashion. Up to the addition of the water, one 
operator can always do all of the work. It is when the water is added 
that the leavening is started and this is a crucial point in the operation. 

Whenever a dough is ready to be handled for the cutting of the 
biscuits, it is removed from the crock and moulded into a mass with 
just sufficient dusting flour to overcome stickiness. A tin plate, such 
as has been described above, has placed on it a wooden embroidery 
hoop, which is approximately seven and a half inches in diameter, 
the sides of which are about three-eighths inch high. The dough is 
placed in this hoop and rolled out with an ordinary rolling pin. The 
rolling is continued till the pin rests en the top of the hoop. The 
excess dough which is squeezed over the outer edges of the hoop 
may be peeled off and rejected. When the rolling is completed, the 
hoop is practically filled with a piece of dough of uniform thickness. 
Five of the rings are then used to cut out the same number of pieces 
of dough, the rings after the cutting being left in place, with the cut 
cough inside each of them. The exterior dough is then peeled from 
the plate, after removing the hoop. Any small particles of dough still 
adhering to the plate should be removed carefully with a spatula. 
After gently tamping down the dough inside each ring with a finger, 
each of the five rings is then covered with a loosely fitting tin plate 
cap, such as the covers to baking powder cans. 
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These caps are used to aid in the retention of moisture inside the 
rings during the baking, so as better to guarantee a full expansion 
from “oven spring” before the dough “sets.” It is the same principle 
as the introduction of steam into ovens in modern baking practice. 
From this point on, the plate, the five rings with their dough contents 
and caps, are handled as a unit, except that the caps are never left on 
in making any weighings. 

Before the dough is cut, a weighing must be made of the plate 
and the five rings, which constitute a unit. If desired, and it has 
been our custom to do so, a weighing is also made of the plate, five 
rings, and the dough or “wet” biscuits. This weighing gives the neces- 
sary data from which the specific volume of the baked biscuits may be 
calculated, based on one gram of the dough. 

The oven is maintained at a definite temperature which may be 
between 400 and 450°F. (204 and 232°C.). The latter temperature is 
the one frequently recommended for biscuit baking, in which case the 
oven product is obtained in about fifteen minutes. With the baking 
carried on in rings and with caps, twenty minutes is necessary to 
obtain an oven product which is thoroly baked through. It is impor- 
tant that the oven have a uniform temperature over its bed. 

The plate, rings, cut dough, and caps, are all handled as a 
unit, that is, introduced into and removed from the oven as such. If 
comparative bakes are to be made of two baking powders, the plates 
with their burdens are introduced simultaneously into the oven and 
simultaneously withdrawn. In this way, whatever the oven conditions 
may be as regards temperature, similar temperature conditions are 
applied to both samples. Here the uniformity of temperature of the 
even bed becomes essential, for one of the two factors necessary for 
calculating specific volume in comparative bakes depends on this. This 
factor is the weight of the oven product, which is largely controlled by 
the amount of water which is lost during baking. If the oven bed is 
uneven in temperature, the water losses are unequal. The specific 
volumes determined are vitiated to the degree that the variation in the 
bed temperatures affect these water losses. 

After the plates with their burdens are removed from the oven, 
they are allowed to stand at room temperature for an hour, either 
with or without the caps on. If with the caps on, some moisture will 
accumulate on the under surface of the caps. The important point is 
that whichever plan is used concerning the caps, it must be uniformly 
followed in all comparative bakes, for here, again, the method used 
will control water losses in different degrees, during the cooling of 
the oven products. In our experimental work, the caps were left on 
the rings until we were ready to make the weighings. 


‘ 
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When the biscuits have cooled for an hour, a weighing is made of 
the plate and the five rings with their contents of baked biscuits. The 
caps are removed before this weighing is made. With the rings and 
contents still on the plate, rape seed is added to the five rings, in 
order to fill the space in the rings unoccupied by the biscuits. The 
method of filling is the same as in standardizing the rape seed content 
of the rings themselves. The excess seed in each ring is struck off by 
means of a straight edge and a weighing then made as a unit of the 
plate, five rings, biscuits, and seed. 

All the data are now in hand for calculating not only the volume 
of the biscuits but their specific volume as well. An cxample of results 
of comparative bakes made with two baking powders, A and B, will 
illustrate the method employed in tabulating figures and calculating 
results. There are certain factors which, when once determined, 
remain constant : 

1. Calculated volume of one brass ring = 79.64 cc. 

2. Calculated volume of five brass rings = 398.20 cc. 

3. Average weight rape seed to fill one ring = 51.3 grams. 

4. Weight of rape seed to fill five rings = 256.5 grams. 

The following data were obtained by analysis of baking powders 
A and B, which in this particular instance contained the same type of 
ingredients : 


Total COs Residual Available CO» 


; % % % 
Baking powder A i 0.25 14.79 


The following is the record of this comparative bake: 


Sample A Sample B 


Grams 
Weight of plate, rings, and dough ‘ 618.4 
Weight of plate and rings ’ $01.1 


Weight of dough ‘ 117.3 


Weight of plate, rings, and baked biscuits & 602.5 
Weight of plate and rings y $01.1 


Weight of baked biscuits 4 101.4 


Weight of plate, rings, biscuits, and seed “i 680.0 
Weight of plate, rings, and biscuits , 602.5 


Weight of seed 77.5 


The method of calculation is as follows, using sample A for 
illustration : 

The weight of seed equivalent to the volume of the five biscuits 
is 256.5 — 70.7 = 185.8 grams. R 

185.8 : 256.5 :: & :398.20 * = 288.44 cc. = vol. of 5 biscuits. 
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The volume of the five biscuits divided by their weight, gives the 
specific volume: 


288.44 290 
7029 ~ OU, specific volume. 


Their average volume was one-fifth of 288.44 cc., or 57.69 cc. 

Following a similar calculation for sample B, we obtain a specific 
volume of 2.74 and an average biscuit volume of 55.58 cc. 

If one wishes to determine a specific volume calculated on the 
weight of the unbaked dough in the rings, one merely substitutes the 
weight of the dough for the weight of the five baked biscuits. The 
result obtained is, in the case of sample A, 2.47; and in the case of 
sample B, 2.37. 

In the illustration given above of a comparative bake, the dough 
carrying baking powder A, was made first. Another comparative bake 
was made in which the dough containing sample B was fully prepared 
first. 

The results, calculated as specific volume, were sample A = 2.77, 
sample B = 2.73. That is, with sample A we obtained the two specific 
volumes 2.80 and 2.77; while with sample B, 2.74 and 2.73. 

In the figures of actual weighings, as given above, a comparison of 
the weights of the five pieces of cut dough from samples A and B, 
is interesting. We obtained respectively 116.9 and 117.3 grams. The 
respective weights on the five baked biscuits were 102.9 and 101.4 
grams. These sets of figures are grouped together to show first how 
close were the weights of the pieces of cut dough; and second, how 
nearly alike were the weights of the biscuits. The former indicates 
the accuracy of the mechanical procedure for rolling the dough in the 
hoop, to produce a piece of uniform thickness; the latter shows how 
closely moisture losses in comparative bakes check each other. 

The biscuits produced as described above are smooth on the bottom 
and on the sides, and free from fissures. The tops are nicely rounded 
and smooth. The biscuits fit closely to the plate and the sides of the 
rings. This method assures that the baking powder has had a chance 
to do its utmost and to give full expansion before the dough “sets.” 
No method of comparing the leavening power of baking powders is 
satisfactory unless it allows such powders to exercise their full power. 

A number of bakes have been made by the method described. In 
our judgment, it possesses marked advantages over the methods here- 
tofore employed. 
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GLUTEN OF FLOUR AND GAS RETENTION OF WHEAT 
FLOUR DOUGHS' 


By Arnotp H. Jounson and C. H. Batrey 


Division of Agricultural Biochemistry, Minnesota Agricultural 
Experiment Station, St. Paul, Minn. 


(Read at the Convention June 11, 1924) 


Since Beccari, in 1728, detected the presence of a substance “of an 
animal character” in wheat flour, and in 1745 separated from flour the 
glutinous material which has been identified as gluten, the importance 
of gluten in determining the baking properties of flour has been gen- 
erally recognized. Late in the last century, however, certain chemists 
began to question the existence of a correlation between gluten content 
and baking strength, and efforts were made to establish the reasons 
for the seeming lack of such a correlation which was occasionally 
cncountered. These efferts took various forms, and during the last 
twenty years several hypotheses have been advanced to account for 
the variations in “gluten quality” which appeared to exist. That the 
physical properties of gluten do vary can hardly be doubted. That the 
quality varies as extensively as is sometimes believed to be the case, 
may be questioned. In many instances the results of baking tests are 
used as indices of gluten quality. Many of these baking trials have 
not been replicated a sufficient number of times to justify including 
the resulting data in working out correlations of gluten quality, as 
thus represented, with the composition of the flour. 

_ Variations in the results of baking tests, moreover, may be 
attributed at times to the operation of factors quite remote from either 
the percentage or properties of gluten. Deficiencies in bread qualities 
may become evident when the gluten of the flour is entirely adequate in 
all particulars. It has not always been a simple matter to distinguish 
between the effect of the several variables involved in flour strength 
upon the properties of dough, and of the finished bread. The work 
reported in this paper represents an effort to apply a new method to 
the study of the influence of gluten upon the characteristics of dough, 
which in turn may be related to the properties of the bread baked 
from such dough. 

1 Published with the approval of the Director as Paper No. 533, Journal Series, Minne 
sota Agricultural Experiment Station. Condensed from a thesis presented by Arnold H. 


Johnson to the faculty of the Graduate School of the University of Minnesota in partial 
fulfillment of the requirements for the degree of Master of Science, in December, 1923. 
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Gluten Content and Baking Strength 

In a discussion of the colloidal properties of gluten, the fact should 
not be overlooked that gluten itself is not converted into the bread in 
which we are interested. Dough containing gluten as one of its con- 
stituents is the material with which we must finally work. While the 
properties of gluten may be impressed upon the properties of the 
dough, variations in gluten content will likewise have a profound effect 
upon dough qualities. The latter in turn are responsible in large 
measure for the properties of the finished bread. 

The significance of gluten concentration in flour was recognized 
by Hall (1904), who stated that while the concentration of protein 
fails to measure flour strength in any absolute sense, the order of 
protein content will be the order of flour strength, or nearly so, when 
a number of flours are compared. Shutt (1907) apparently concurred 
in this opinion, as he stated that the best bread-making flours are as 
a rule those richest in gluten. He points out that occasionally high 
gluten content is associated with inferior quality; while, again, flours 
of excellent quality have a medium gluten content. It was concluded, 
however, that the nitrogen determination was of prime importance in 
judging of the value of flour for bread-making purposes, particularly 
when the physical character of the gluten is taken into consideration. 
Essentially the same conclusion was later expressed by Shutt (1910), 
and it was indicated that the protein content is undoubtedly the best 
single measure of strength when comparisons are restricted to flours 
inilled from sound wheat. 

Balland (1895), Guess (1900), Humphries (1905), Schneidewind 
(1909), and others seemingly agreed that the relative percentage of 
gluten in flour is not without significance, altho all were searching for 
a measure of gluten quality that could be accurately determined and 
expressed. 

A large number of flour samples were subjected to baking tests by 
Bailey (1913), and their composition was determined. The flours 
were grouped on the basis of ash and protein content, and the volumes 
or cubical displacements of test loaves baked from the flours in each 
group were then averaged. The resulting data are presented in 
Table I, and indicate that when the averages of a sufficient number of 
samples are involved, the baking strength, as measured by loaf volume, 
tended to increase with the gluten content. These data add emphasis 
to the necessity of restricting such comparisons to the same grade of 
flour, as the loaf volume diminished with increasing ash content. 
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TABLE I 
Reration Between Percentace or AsH AND Crupe Protein 1n Fiours, AND VOLUME OF 
Loaves Bakep THEREFROM. ReEPorRTED BY Baitey (1913) 


Range of ash Range of crude protein content in each group 


content in 9.0 to 10.1 to 11.1 to 12.1 to 13.1 to 14.1 to 15.1 to 
each group 10.0 11.0 12.0 13.0 14.0 15.0 16.0 
Average loaf volume in cubic centimeters 
0.35 to 0.40 2560 2610 
0.41 to 0.50 2130 2270 2410 2425 2500 2520 
0.51 to 0.60 1980 2090 2220 2360 2390 2410 
0.61 to 0.75 1895 1925 1960 2110 2195 2250 dane 
0.75 to 0.90 1600 1855 1925 2010 2050 2060 2120 
0.91 to 1.10 Peres Peete 1890 1900 1910 1875 2010 
1.11 to 1.25 1670 1770 


The relation between the percentage of crude protein in wheats 
and the baking strength of flours milled from them, was discussed by 
Thomas (1917). While the crude protein or the gluten content of 
the flours was not indicated, it is probable that these closely paralleled 
the percentage of protein in the wheat. A general increase in strength 
was shown with an increase in protein content of the wheat, the only 
exception being with hard spring wheat having a crude protein content 
of over 15 per cent. A similar relation between protein content and 
loaf volume was established by Stockham (1920) whose data, like 
those of Thomas, were presented in graphic form. 

An analysis of data resulting from the tests of hard spring wheat 
straight grade flours produced in the Minnesota State Experimental 
Flour Mill was made by Bailey (1924). The relation between average 
loaf volume, and average protein content of the groups of flours, classi- 
fied on the basis of the percentage of crude protein, was presented 
graphically. From the slope of the curve it is evident that the loaf 
volume did not increase regularly with protein content ; each increment 
of increase in percentage of protein was progressively less effective in 
increasing the size of the loaf. The curve accordingly approaches a 
logarithmic rather than a linear form, and would necessitate the inclu- 
sion of an exponential value in an equation representing the function 
of one variable ir terms of the other. 

A statistical study of certain published data was made by Zinn 
(1923), who computed the coefficient of correlation of the protein 
content of flour, and loaf volume. Data resulting from the examina- 
tion of commercial and pure strains of spring and winter wheat grown 
in several states were included in these correlation studies. With one 
exception, a significant positive correlation was noted, and the coeffi- 
cient of correlation equaled or exceeded -+- 0.55 in 6 of the 13 groups 
of samples, the greatest probable error in these 6 groups being + 0.093. 
‘The maximum coefficient of correlation was + 0.80 in the commercial 
winter wheats grown in Kansas, in which the probable error was 
+ 0.038. Mangels (1925) reports correlation coefficients of + 0.31, 
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-+ 0.43, and + 0.34 in a similar study of North Dakota spring wheat 
flours of the 1921, 1922, and 1923 crops. As the probable errors 
were +. 0.053, + 0.047, and + 0.043 respectively, the correlation coeffi- 
cients are of sufficient magnitude to be regarded as significant. 

A more direct attack on this problem was made by actually modi- 
fying the percentage of gluten in a flour or dough. Snyder (1901) 
increased the percentage of gluten in a dough by washing out a portion 
of the starch, but observed no effect of such manipulation upon the 
characteristics of the baked bread. Stein (1904), and Stockham 1920) 
reported an increase in loaf volume, however, in consequence of the 
direct addition of gluten. Such treatments as must have been accorded 
to gluten in these experiments doubtless modified its properties. That 
gluten can be separated from flour by any means now known without 
umpairing those properties which are of importance, seems improbable 
and the full effect of these gluten additions is not obtained in the 
bread. 

A more satisfactory procedure involved the dilution of the gluten 
of flour with starch. Snyder (1901) also attempted this and remarked 
that the addition of 10 per cent of starch to flour had little effect upon 
its baking qualities. When 20 per cent of starch was added the quality 
of the bread was impaired. Jago (1915) reported the results of baking 
experiments to a committee of the 63d Congress which indicated that 
additions of 5 per cent or more of starch tended to reduce the size of 
the baked loaf in proportion to the quantity of added starch. The 
extensibility of dough, measured by the Chopin extensimeter, was 
substantially reduced on mixing starch with flour, as shown by Bailey 
and Le Vesconte (1924). Such a reduction as was evident implies an 
impairment of the elasticity and gas-retaining power of the dough. 

The significance of the percentage of protein in flour in determining 
flour strength is recognized by Sharp and Gortner (1923) who 
included the percentage of glutenin in an equation which represents 
loaf volume in terms of glutenin concentration and quality. As the 
ratio of glutenin to total protein was almost constant in the flours 
studied by Sharp and Gortner, it follows that total protein content 
could have been substituted for glutenin content in this equation by a 
suitable modification of the numerical value of the constant K. Their 
equation took the form: Percentage of glutenin quality factor 
(b) = Loaf volume X constant (K). This equation accordingly 
attaches equal weight to the concentration of protein, and certain 
properties of the protein represented in the quality factor (b). 

In an effort to determine the effect of reducing the gluten content 
of flour upon the gas-retaining power of dough, the method described 
by Bailey and Johnson (1924) was employed. This made it possible 
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to estimate the rate of gas production in the dough, and to determine 
the quantity of carbon dioxide escaping from the dough during fer- 
mentation. A patent flour was used (B932) which contained 10.32 
per cent of crude protein and 0.41 per cent of ash. To five portions of 
this flour sufficient starch was added to make the added starch’* in the 
mixture represent 10, 20, 30, 40, and 5C per cent respectively. Doughs 
were prepared, using each of the mixtures separately with the original 
flour converted into a dough as a control. The formula and procedure 
suggested by Bailey (1916) were followed, except that the dough was 
taken directly from the mixing machine, and an aliquot representing 


280 
260 
WA 
220_ 
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VOLUME /N CUBIC CENT/IMETETERS 


O 80 40 60 80 /00 /20 /40 1/60 180 7200 220 240 
FIME MINUTES 
Fig. 1. Changes in Volume Which Occur in Systems Containing Fermenting Patent Flour 
Dough and Doughs Upon Which 20 Per Cent and 40 Per Cent Starch Have 


Peen Superimposed 


Curves A represent the sum of the increase in volume of the dough and the volume of 
carbon dioxide lost from the dough; Curves Bb, the increase in volume of the dough: and 
Curves C, the volume of carbon dioxide lost from the deugh. 

2? The hydrogen-ion concentration of the starch was somewhat higher than that of the 
flour, and this was carefully adjusted in the dough by adding the requisite quantity of dilute 
sodium hydroxide solution. All doughs accordingly had the same hydrogen-ion concentration 
when mixed. 


| 

| 

| 
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50 grams of flour was at once placed in the jar used in the device 
mentioned. Care was taken to insure that the temperatures of the 
dough and the jar (and its atmospheric contents) were the same as 
that of the thermostat (28°C.) and this temperature was maintained 


throughout the experiment. 


TABLE II 
IncrEASE 1n VoLumME or Doucu, Votume or Carson Dioxipe Lest rrom Dovucn, anp Sum 
or Tuese Vorumes as Determinro at TEN-MinuTE INTERVALS FoR Four Hours 


-—Patent Scur, 80% ard starch, 20%——. -—~Patent flour, 60% and starch, 40%—-, 
Increase Increase in CO2 Increase Increase in 
in volume of | volume of lost in volume of volume of lest 
Time, dough + COg lost of the fromthe dough-+ COslost of the from the 
minutes fromthe dough dough dough from the dough dough dough 
cc. cc. ce. cc. ce. ce. 
0 0 0 0 0 0 0 
10 3 3 0 3 3 0 
20 8 7 1 13 12 1 
30 17 15 2 21 20 1 
40 26 22 4 29 28 1 
50 36 32 4 39 37 2 
60 47 42 e § 52 48 4 
70 57 52 5 62 58 4 
80 69 63 6 77 72 5 
90 80 75 5 87 82 5 
100 93 85 8 99 92 7 
110 105 97 8 116 92 24 
120 117 101 16 126 93 33 
130 i28 104 24 138 938 40 
140 139 108 31 150 102 48 
15¢ 151 111 40 160 103 57 
160 162 116 46 173 109 64 
170 175 120 55 186 114 74 
180 187 124 63 198 114 84 
190 200 127 73 210 117 93 
200 210 130 80 221 122 99 
210 220 133 87 234 125 109 
220 230 136 94 245 126 120 
230 242 137 104 260 127 133 
240 252 139 113 275 126 149 


It was observed that increasing the proportion of starch resulted 
in an increased rate of fermentation and an increased loss of carbon 
dioxide. This is evident from the data recorded in Table II’ and 
presented graphically in Figure I. The data resulting from the exam- 
ination of only two of the flours diluted with 20 and 40 per cent of 
starch respectively, are reported, as these are representative of the 
series. All the other diluted flours fell into a regular sequence with 
those reported, so far as gas production and loss of gas are concerned. 
The total volume of the dough diminished with increasing proportions 
of starch, as the increase in gas production did not compensate for 
the increased loss of carbon dioxide. The length of the fermentation 
period was likewise reduced as the proportion of starch was increased 


*The data resulting from the study of the control on patent flour were recorded in 
Table I of the paper by Bailey and Johnson (1924), 
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and that of the gluten was reduced. This is evident from the time 
on the horizontal axis of curves C in Figure 1 to the points where the 
breaks occur. The relation of the characteristics of these curves to 
fermentation was discussed by Bailey and Johnson (1924). It accord- 
ingly appears that the reduction in gluten content which results from 
dilution of flour with starch impairs the gas-retaining power of dough 
made from such mixtures. This leads to the assumption that the 
gluten content of flour is a factor in determining baking strength and 
the ease and certainty with which flour can be converted into satis- 
factory bread. Gluten content is also of significance in adjusting the 
fermentation period, which, in flours of equivalent grade or degree 
of refinement, will be reduced with diminishing gluten content. 


Effect of Treatment with Water and with Alcohol on the Prop- 
erties of Flour as Indicated by the Gas Retention of Dough 

In the preceding discussion a doubt was expressed as to the feasi- 
bility of separating gluten froni flour without modifying its properties. 
Sharp and Gortner (1923) found that the treatment of glutenin with 
70 per cent alcohol markedly altered its colloidal properties, as indi- 
cated by the viscosity of acidulated water suspensions of the gluten. 
Sharp, Gortner, and Johnson (1923) brought doughs to a pH of 3.0, 
or a pH of 11.0 by the addition of hydrochloric acid, or sodium 
hydroxide, and after 30 minutes restored the hydrogen-ion concentra- 
tion to that of the original dough. The baking properties of the dough 
were found to be greatly impaired. Thus the normal or control 
doughs, the doughs brought to pH 3.0 and back, and the doughs 
brought to pH 11.0 and back, baked into loaves displacing 1600, 830, 
and 1130 cc. respectively. In another series of experiments, the same 
investigators prepared doughs with 70 per cent, and 95 per cent ethyl 
alcohol, and at once dried the doughs at about 25°. The dried particles 
were ground, bolted through flour sieves, and mixed into doughs with 
the usual quantities of yeast, salt, and sugar. The resulting loaves 
were considerably smaller than the loaves baked from the control or 
untreated flour. Their crumb texture was also inferior. It was cen- 
cluded that such treatments with acids, alkalis, and alcohol modified 
the colloidal condition of the glutenin, and impaired the baking proper- 
ties of the flour. 

To throw further light on the reasons for the impairment of bread 
qualities which resulted from the treatment of flour with alcohol, the 
same method of study was applied as in the instance of the starch-~ 
flour mixtures. Flour was doughed up with 95 per cent alcohol, 
crumbled, and dried. Nothing was removed from the flour by this 
treatment. The dried particles were ground in a roller mill and bolted 
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through a fine flour sieve. The resulting flour was then mixed into a 
dough and the progress of fermentation followed in the device men- 
tioned. The resulting observations are recorded in Figure 2. Flour 
was similarly doughed with water, dried and remilled. The drying 
required a somewhat longer time than did the dough made with 
alcohol, but was facilitated by blowing air at room temperature over 
the particles. As these dried on the surface they were further divided 
by crushing them under a roller. The remilled flour was mixed into a 
dough in the same manner as was the alcohol-treated flour, and the 
observations on the dough are likewise recorded in Figure 2. 

The alcohol treatment resulted in a slight reduction in the rate of 
gas production in the dough. The gas-retaining capacity was also 
reduced. The cumulative effects of these two modifications of the 
dough properties resulted in a decrease in the expansion of the dough 
which amounted to about 183 per cent when compared with the control 
dough after 200 minutes of fermentation. 

Treatment of the flour with water, in the manner described, pro- 
duced even more striking changes in the properties of the dough. Gas 
production was increased throughout the entire fermentation period. 
The loss of gas from the dough was increased nearly 60 per cent, 
however, and as a result the rate of increase in volume of the dough 
was reduced. 

These studies show that the impaired properties of the bread pro- 
duced by Sharp, Gertner, and Johnson from alcohol-treated flour were 
due at least in part to a modification of the gas-retaining capacity of 
dough. It may be reasoned that this in turn was occasioned by a modi- 
fication of the colloidal properties of the gluten. 

The striking impairment of the gas-retaining capacity of doughs 
made from the flour treated with water indicates the difficulty that 
may be anticipated in separating gluten from flour without modifying 
its properties. Emphasis may accordingly be laid on the desirability 
of studying the properties of gluten without removing it from the flour. 

Further evidence of the modification of dough properties by the 
treatments with alcohol, and water, followed by subsequent drying and 
remilling, is afforded in the extensibility measurements made with the 
Chopin extensimeter. These are recorded in Table III and show that 
the extensibility was reduced in consequence of both treatments. 


TABLE Ill 


Extensisitity or Normat DoucH, anp or DouGH Mape From Fiour Treatep with WaATER, 
AND ALCOHOL, THEN DRIED AND REMILLED 
Extensibility measured 


Treatmert with Chonin device 
Treated with 95 per cent alcohol, dried, and remilled.............00+ 13.0 


Treated with water, dried, and remilled..............ceeccccccccees 
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Gas Production and Retention in Rye Flour Dough 


The gliadins of wheat and rye are probably quite similar in proper- 
ties. Rye apparently does not contain a protein having properties like 
those of the glutenin of wheat. This was indicated by the observation 
of Liters and Ostwald (1919), who found that the viscosity of rye 
flour suspensions was not altered by the addition of lactic acid. If 
glutenin had been present, an increase in viscosity would have occurred 
such as was noted by Sharp and Gortner (1923) in their studies of 
wheat flours. The baking qualities of rye flour did not appear to be 
altered by treating it with alcohol, as shown by Sharp, Gortner, and 
Tohnson (1923). As indicated in one of the foregoing paragraphs, 
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TIME /N MINUTES 
Fig. 2. Changes in Volume Which Occur in Systems Containing Fermenting Bread Doughs 

Volume changes are shown for a patent flour dough; a dough prepared from the patent 
fiour which had been wetted with water. dried. ard remilled te the fireress of fleur: a:d a 
dough prepared from the patent four which had been wetted with 70 per cent alcohol, dried, 
and remilled to the fineness of flour. Curves A represent the sum of the increase in volume 
of the dough and the volume of carbon dioxide lost from the dough; Curves B, the increase 
in volume of the dough; and Curves C, the volume of carbon dioxide lost from the dough. 
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Fig. 3. Changes in Volume Which Occur in Two Systems, One Containing a Fermenting 
Wheat Flour Dough, the Other a Rye Flour Dough 
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such modification of wheat flour as resulted from treating it with 
alcoho! was attributed to the effect of the alcohol upon the gliadin. 
The lack of response of rye flour to treatment with alcohol accordingly 
constitutes further evidence of the absence of glutenin in rye. 

When rye flour doughs were subjected to study in the device that 
has been described, it became evident that the rate of gas production 
was higher than in wheat flour doughs. At the end of three hours 
the total gas produced in the rye flour dough exceeded that in the 
wheat flour dough by about 56 per cent. The gas-retaining power of 
the rye flour dough was very low, however, from 2/3 to 3/4 of the 
total gas escaping between the second and third hours. This is shown 
by the data recorded graphically in Figure 3. 

This accounts for the small volume of such dough when expanded 
to the maximum, and the dense crumb of rye bread. It adds support 
to the contention that glutenin, which is absent from rye, must be the 
protein of wheat flour that is responsible for its superior gas-retaining 
capacity and baking strength. 

Summary 

Gluten content has an important bearing upon the baking strength 
of flour. When the percentage of gluten in flour is reduced by dilution 
with starch, the gas-retaining power of dough made from such flour is 
impaired. Gas-producing capacity is not necessarily impaired by such 
additions to starch. 

Gas-retaining capacity of wheat flour doughs is impaired by treat- 
ing them with 96 per cent alcohol and with water. Such modifications 
of properties as are effected by these treatments may be attributed to 
the alteration of the colloidal condition of the glutenin. 

Rye flour dough has a low gas-retaining capacity, altho the rate of 
gas production in the dough is high. The inferior gas-retaining 
capacity is probably responsible for the dense, compact loaves that 
are ordinarily baked from pure rye flour. 
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THE CORRELATION OF THE PROTEIN CONTENT OF 
HARD RED SPRING WHEAT WITH PHYSICAL 
CHARACTERISTICS AND BAKING QUALITY’ 


By C. E. MANGELs and T. SANDERSON 


North Dakota Agricultural Experiment Station, Fargo, N. D. 
(Received for publication December 15, 1924) 


The protein content of wheat and flour is considered an important 
index of baking quality, and at the present time wheat buyers recog- 
nize protein content of wheat as an important price factor. Wheat 
quality is affected by several factors, and data are often very con- 
flicting, but by finding the correlation in a relatively large number 
of samples we are able to determine the inter-relation of different 
characteristics. The results of correlation studies are of practical 
value to the cereal chemist, as the results of such studies enable the 
chemist better to judge the value of certain determinations and their 
application in the milling and baking industries. Protein or gluten 
content is probably the most common determination now made on 
wheat and flour by the chemist. 

In making these correlation studies, the data for each crop year 
have been studied separately. The chemist, except for a short period 
of the year, is generally dealing with wheat from a single crop—and 
a study of the data under this plan. has also brought to our attention 
points which would not have been noted if the data had been massed 
without regard to crop year. With one exception, only a summary 
of correlation is given, as the distribution tables in most cases do not 
give much additional information. The samples used in studying 
physical characteristics were obtained largely through a survey of the 
North Dakota wheat crop for protein or gluten content in 1922, 1923, 
and 1924. The data resulting from baking tests include samples from 
various projects. All data are from wheat grown in North Dakota. 


Relation of Protein or Gluten Content of Wheat Berry to Test 
Weight per Bushel, or Plumpness of Kernel 

A general impression exists that shriveled, light-weight kernels are 
higher in protein than heavy, plump kernels. Bailey and Hendel? 
conclude that “No significant correlation has been found between 
wheat kernel plumpness and crude protein (or crude gluten) content, 
when the former was measured in terms of either weight per 1000 
average kernels, or weight per bushel.” 


1Contribution from Department cf Milling, North Dakota Agricultural Experiment 
Station. Published by permission of the Director of the Experiment Station. 


* Bailey, C. H., and Hendel, Julius, Jour. Amer. Soc. Agron., Vol. 15, pp. 345-50 (1923). 
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Table I summarizes correlation studies on this point for the fou: 
years 1921 to 1924, inclusive. A negative correlation is found in 1921, 
but the other three years show a slight positive correlation. With 
the exception of 1921, the coefficient of correlation is less than or 
practically equal to the probable error. In 1921, the coefficient of 
correlation is not significant. 

If the different crop years are compared, it is noted that the average 
protein content varies inversely as the average test weight. The maxi- 
mum test weight and minimum protein content are found in 1924, 
the year having the lowest average protein content. The maximum 
protein content and minimum test weight are found in 1921. The 
same climatic conditions which tend to produce very high protein 
wheat will probably also cause shriveling of kernels. The crops of 
1921 and 1923 were relatively high in protein, and the seasons of 1921 
and 1923 were characterized by an abnormally warm growing season 
and hot winds while the growing seasons of 1922 and 1924 were sub- 
normal in temperature. 

No correlation is found within a crop year and this is probably 
partly due to the fact that heat is not the only factor causing the 
shriveling of kernels. Shriveling may be due to black stem rust, and 
the effect of rust appears to be opposite that of heat in that it tends 
te lower the protein content. The protein content of wheat varieties 
from the plots at Fargo in 1922 having a heavy rust infection was 
quite low, and was lowest in the varieties having the heaviest infection 
of rust. This difference between varieties has not been noted in years 
when rust was not a serious factor. The test weight per bushel can 
not be used as an index of protein content. 


Correlation of Protein Content and Percentage of Dark, Hard, and 
Vitreous Kernels 


The federal wheat grades provide three subclasses for hard spring 
wheat, and these subclasses are based on the percentage of dark, hard, 
and vitreous kernels in the sample. It is generally assumed that dark 
kernels contain more protein than spotted or starchy kernels, and this 
is true if dark, spotted, and starchy kernels are picked from the same 
lot of wheat and analyzed. Table II summarizes the results of corre- 
lation studies on this point. 

A significant positive correlation is shown in 1922 and 1924, but 
the correlation in 1923 is not significant. 
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While the correlation is significant in 1922 and 1924, the per- 
centage of dark kernels can not be considered a reliable index of 
protein content for the use of the wheat buyer. A study of the distri- 
bution tables for the 1924 crop (Table III) indicates that the wheat 
buyer is not assured high protein wheat when he selects a sample con- 
taining a high percentage of dark kernels. A low percentage of-dark 
kernels, however, does usually indicate low protein content, and these 
lots of wheat can be eliminated from consideration if the buyer is 
seeking high protein wheat. Wheat buyers are beginning to recognize 
that a laboratory test is the only reliable index of protein or giuten 
content. 

Correlation of Protein Content and Loaf Volume 
(Baking Quality) of Flour 

The loaf volume obtained by controlled baking test is usually con- 
sidered a good index of baking strength. It is now generally recog- 
nized that flour strength is affected by a number of factors, but the 
quantity of protein or gluten present is considered an important one. 
Table IV summarizes correlations on crops of 1921, 1922, and 1923. 
A significant correlation is found in each of three crop years. The 
correlation coefficient, however, indicates that protein or gluten content 
is not the only factor influencing loaf volume. It is now recognized 
that quality as well as quantity of gluten is a factor in baking strength 
of flour. The lowest correlation coefficient is found in 1921, with 
very high average protein content; and the highest coefficient in 1922, 
with relatively low average protein content. In 1922 quantity of pro- 
tein or gluten was more likely to be a limiting factor than in 1921 
or 1923. 

Zinn’ finds a marked positive correlation between protein and loaf 
volume for Kansas hard winter wheats, but finds a slight negative 
correlation for North Dakota spring wheats and a slight positive corre- 
lation for Minnesota spring wheats. Zinn, however, has used all avail- 
able data in his correlations and has not considered each crop yea 
separately. 

Table IV shows that the average protein content varied from 11.98 
in 1922 to 15.02 in 1921, but the loaf volume only varies from 2321 
to 2370 cc. The average protein content for 1923 is 1.17 per cent 
higher than that of 1922, but the average loaf volume is practically 
the same. Bailey (Minnesota Department of Agriculture, Bulletin 
34), states “it is evident that the loaf volume does not increase regu- 
larly with increasing protein content. The curve approaches a loga- 
rithmic rather than a linear form.” 

*Zinn, J. Jour. Agr. Research, Vol. 23, pp. 529-48 (1923). 
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Thomas‘ finds that flour “shows a general increase in strength 
with an increase in protein content, the only exception being with hard 
red spring wheat having a crude protein content of over 15 per cent.” 
The quality of protein or gluten present is probably as important as 
the quantity, and it is probable that climatic conditions which tend 
to produce wheat of extremely high gluten content do not produce a 
good quality of gluten. The baking quality of North Dakota spring 
wheat tends, therefore, to be much more uniform from season to 
season than the protein content. 


Summary 

1. No significant correlation is found between protein content of 
wheat and the test weight per bushel. 

2. A significant positive correlation was found between protein 
content and percentage of dark, hard kernels in 1922 and 1924, and 
a slight positive correlation in 1923. 

3. A significant positive correlation was found between protein 
content of flour and loaf volume for the three crop years—1921 to 
1923. 

*Thomas, L. M. U. S. Dept. of Agr. Bui. 557. 


A SEMI-AUTOMATIC MEASURING APPARATUS 
FOR SOLUTIONS 


By A. A. HEon 


Bernhard Stern and Sons, Milwaukee, Wis. 
(Received for publication January 19, 1925) 

In measuring heavy solutions such as concentrated sodium hydrox- 
ide in the nitrogen determination, the usual methods are: filling a 
large dispensing burette, or siphoning into a graduate from the source 
of supply and then pouring into the flask. 

The former procedure requires a large burette with a glass stop 
cock with a large bore which has the tendency to stick, and the usual 
result is the breaking off of this essential and important part of a 
comparatively expensive piece of glassware. 

The latter method is time consuming and quite unsatisfactory for 
the measurement of concentrated solution of alkali. 

With the above factors in mind, the apparatus represented by the 
accompanying sketch was evolved for the purpose of automatically 
delivering a pre-determined specific quantity of this solution directly 
into the Kjeldahl flask in a sufficiently accurate manner and in a mini- 
mum period of time without the necessity of a graduate or burette. 
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This simple device can be quickly put together with bottles and 
glass tubing found in every laboratory. 

It will measure a variable specific quantity of solution such as con- 
centrated sodium hydroxide, as well as potassium sulphide, in a few 
seconds directly into the flask, with an accuracy within 2 cubic cen- 
timeters. 

“A” in the figure is a bottle with a capacity of 4 liters or more, 
which serves as a reservoir or source of supply of the solution to be 
measured and which should be elevated sufficiently to permit a free 
siphon into the smaller bottle “F.” 

The glass tube “B” is for the purpose of exhausting bottle “A” 
with a vacuum, to fill it by attaching a rubber tube at the delivery 
end of “EE,” and filling reservoir “A” through tube “C” by suction 
at “B.” 

If air pressure is available, the reservoir could be filled through the 
tube “B” by providing an air outlet at this point. 

Bottle or flask “F” should be of approximately 150 cc. cupteity and 
have a mouth sufficiently wide to accommodate a No. 10 stopper that 
will permit the boring of three holes for inserting tubes “C,” “D” and 
“E” of 10 mm. internal diameter. Both ends of tube “E” should have 
an oblique angle of about 45 degrees. 

“G” represents a pinch cock of the ordinary type except that the 
spring has been strengthened by soldering the spring of another stop 
cock of similar size on the one to be used. It will also be noted on 
the detailed sketch of this pinch cock that a wire guard has been 
attached to prevent the rubber tubing from moving from the compres- 
sion seat of the pinch cock. 

This pinch cock has been found very efficient not only on this 
apparatus, but in every place where a pinch cock is required. 

Glass tube “D” is for vent purposes, and should extend well above 
the curve in glass goose-neck “E.” The bottom end of glass tube “D” 
should be practically flush with the bottom of the stopper into which 
it is inserted. Glass tube “C” should extend far enough into bottle 
“F” that the lower end will be submerged in the solution after a dis- 
charge. The depth to which the goose-necked glass tube “E” is low- 
ered into bottle “F” will determine the amount that will be dispensed. 

The method of operation is very simple, and is as follows: 

After a siphon between bottles “A” and “F” has been effected 
and all air in tube “C” eliminated, insert tube “E” into neck of Kjel- 
dahl flask and open pinch cock “G.” As soon as sufficient solution 
has been drawn into flask “F” to cause the solution to siphon through 
tube “E” into the Kjeldahl flask, immediately release pressure on pinch 
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cock “G.” The solution will continue to siphon through tube “E” 
into the Kjeldahl flask until the level of the solution in bottle “F” is 
reduced to the opening in the end of goose-neck “E.” 

This procedure may be repeated any number of times until the 
supply in reservoir “A” is exhausted and after the amount to be dis- 
charged is fixed by lowering or raising the tube “E” in the bottle “F,” 
a like amount will be dispensed each time within 2 cc. variation. 

A similar device with a slightly smaller bottle “F” and glass tubing 
of 5 mm. internal diameter, has also been found satisfactory for 
measuring the solution of potassium sulphide directly into the Kjeldahl 
flask. 


SHORT COURSE IN CEREAL CHEMISTRY 
Kansas State Agricultural College, Manhattan, Kan. 


A Short Course for Cereal Chemists was held at the Kansas 
Agricultural College on January 13, 14, 15, and 16, 1925. Through 
the courtesy of Dr. Swanson, who was in charge of the course, we 
have been supplied with a summary of the work presented. Following 
is the program: 

TUESDAY, JANUARY 13 
8:00 a. m.—Acidity and Hydrogen-ion Concentration, Dr. King 
10:00 a. m—Fundamentals of Protein Chemistry, Dr. Tague 
1:30 p. m.—Laboratory Exercises 


WEDNESDAY, JANUARY 14 


8:00 a. m—Ash and Conductivity of Electrolytes, Dr. King 
10:00 a. m.—Fundamentals of Colloid Chemistry, Dr. Swanson 
1:30 p. m.—Laboratory Exercises 


THURSDAY, JANUARY 15 


8:00 a. m—Chemistry of Wheat Proteins, Dr. Tague 
10:00 a. m.—The Essentials of an Adequate Diet, Dr. Hughes 
1:30 p. m.—Laboratory Exercises 

FRIDAY, JANUARY 16 


8:00 a. m—The Place of Wheat Flour in the Diet, Dr. Hughes 

10:00 a. m.—Colloid Chemistry Applied to Wheat Flour, Dr. Swanson 

1:30 p. m—Laboratory Exercises 

Dr. H. H. King, professor of chemistry, and head of the depart- 

ment, lectured on the fundamental chemical laws which govern the 
determinations of acidity, hydrogen-ion concentration, and conduc- 
tivity. These determinations have acquired great importance in con- 
nection with flour and bread problems. Dr. E. L. Tague, associate 
professor of chemistry and specialist in protein chemistry, pointed out 
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the chemical nature of proteins and also presented some of the results 
obtained in his investigations of flour proteins. 

The ultimate object of raising wheat and grinding it into flour is 
to produce human food. Food faddists probably have had more to 
say against wheat flour than against any other one food substance. 
Flour is not a complete food, neither are other food articles such as 
sugar, muscle meat, and potatoes. Such facts and many others were 
pointed out by Dr. J. S. Hughes, professor of chemistry and expert in 
animal nutrition, who lectured on the essentials of an adequate diet 
and the place of wheat flour in the diet. Dr. Hughes also stressed the 
importance of vitamins and balanced proteins. 

Dr. C. O. Swanson, professor and head of the Department of 
Milling Industry, lectured on the elements of colloid chemistry and 
pointed out their apptication to flour quality. Quality in flour is 
determined partly by the environment of the flour proteins. This 
environment in the dough is made up of water, starch, salts, yeast, 
enzymes, gas, and sugar. Proteins from flours differing in quality 
react differently toward this complex environment. Quality in flour 
also depends on the fundamental chemical structure of the protein 
molecules and the way these molecules are united to form the gluten 
gels or the colloidal particles. 

The laboratory exercises were in charge of Dr. E. B. Working, 
associate professor of milling industry, assisted by Drs. Tague and 
Swanson. Demonstrations and practice work were given in making 
conductivity measurements and hydrogen-ion determinations, both 
colorimetric and electrometric. Three viscosimeters were available 
for use. The MacMichael, owned by the college ; the Stormer loaned 
by Arthur Thomas & Company; and the Wallace & Tiernan, loaned 
by that company. Viscometric measurements on flour have just begun. 
While they hold forth great promise, a large amount of work needs 
to be done before their applications are as well understood as desired. 


The following attended the short course: 


Henry A. Baehr, graduate student in Agricultural Chemistry, University of Nebraska, Lincoln 
Clarence E. Cather, field engineer for Wallace & Tiernan Co., Kansas City, Mo. 

R. K. Durham, chief chemist for the Rodney Milling Co., Kansas City, Mo. 

T. G. Fletcher, chief chemist for Wichita Mill and Elevator Co., Wichita Falls, Texas 
Walter Hall, chemist in charge of Clay Center Testing Laboratory, Clay Center, Kan. 
Ralph S. Herman, chief chemist for Ismert-Hincke Milling Co., Kansas City, Kan. 

George L. Howard, chemist in charge, More Lowry Flour Mills, Kansas City, Mo. 

John C. Howe, chief chemist, Arkansas City Mill & Elevator Co., Lexington, Neb. 

Eugene F. Kelley, chemist, Imperial Mills, Wichita, Kan. 

T L. MacCreary, chief chemist, New Era Milling Co., Arkansas City, Kan. 
Mark FE. Mallett, chemist, Lexington Mill & Elevator Co., Lexington, Neb. 

FE. L. Rosse, chief chemist, Maney Milling Co., Omaha, Neb. 

A. R. Sasse, chief chemist, Southwestern Milling Co., Kansas City, Kan. 
Edward E. Smith, chief chemist, F. W. Stock Milling Co., Hillsdale, Mich. 

E. L. Tibbling, chief chemist, Washburn Crosby Milling Co., Kansas City, Mo. 


